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PUTROLEUM AND MATURAL-GAS STUDIES OP THE 
UNITED STATZS BUREAU OF MINES 


By H. C. forler® 


The social economy, or public interest,.and national defense require wise 
development and efficient use of the oil and gas resources of the United States. 
In this development and use, and in the prevention of economic and physical 
waste of oil and gas, the objectives of the..petroleum and natural-gas industries, 
the Government (Federal, State, and local), and the public are the same. 
Differences of viewpoint generally have originated in the failure of one of the 
triad to have @ clear or complete understanding of the motives behind the 
activities of the other component groups or full Sere of _ each is 
trying to accom ss es oe 


The United states Bureau of Mines through its petroleum and natural-—gas 
division makes technnologic and scientific investigations pertaining to recovery; 
preparation, refining, and use of oil and natural gas with the view of reducing 
waste, increasing safety and efficiency, and aiding economic development. 


Frequently questions are asked regarding the purpose and scope of studies 
made and the results obtained by the Bureau of Mines on technical problems per- 
taining to petroleum and natural gas. In order that there may be available 
authentic information as to methods whereby the Bureau of Mines is functioning 
to the benefit of the oil and gas industries, the Government, and the public, 
and to the better coordination of thought on the part of these groups, this 
paper has been written. For a clearer uncerstanding, a brief review is first 
given of the Bureau's earlier work on oil and gas, to show the types of problems 
studied and the research procedure that has been followed; also, there are indi- 
cated the changes in the scope of activities of the petroleum and natural-gas 
division that have taxen place within the last 18 years concurrent with a 
magnitude of development of the oil and gas industries that finde but few 
equals. In the latter part of the paper close scrutiny is given to present 
specific studies on oil and gas and the results that are being obtained. 


1 The Bureau of Mines will welcome the reprinting of this paper, provided the 
following footnote acknovledguent is used: “Reprinted from U. &. Bureau 
of Mines Information Circular 6737." | | 

2 Acting chief engineer, petroleum and natural-gas division, U. S. Bureau of 
Mines. 

3 The meaning here conveyed is in accordance with somewhat common usage in the 
petroleum and natural gas industries - namely, the withdrawal of oil and 
gas from underground reservoirs by various production methods —- rather than 
in accordance with the more exact definition of cee ne that which has 
deen lost. 
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The Bureau of Mines Function Pertaining 
to Petroleum and Natural Gas 


It nas been a motivating thought within the Bureau of Mines since its 
petroleum division became an officially recognized unit of the Bureau on 
July 1, 1914, that the chief function of that division is to develop aad carry 
out @ coordinated system of research projects pertaining to oil and gas. In 
performing this function, the best available knowledge and information regard- 
ing physical pnenomene. and other conditions are gathered together, and analyses 
are made of the data that help to explain the working out of definite laws and 
fundamental relationships. By the practical application of these relationships 
to oil and gas fields, pipe lines, and refineries, it is possible to produce oil 
and gas morg.retionally, transport them more efficiently, and manufacture them 
into useful products with less cost, 


The Bureau has long recognized that there is a merging from fundamental 
research in the laboratory to so-called "practical" research. Therefore, in 
developing the philosophy of any research project it is not enough to establish 
certain fundamental relationships by laboratory experiment: to be effective 
the work must have practical application in the field or at the plant. 


Through its publications, letters, formal papers, personal discussions, 
and other means of disseminating information, the Bureau also is slowly yet 
definitely helping to guide the public mind away from erroneous ideas (evolved 
during the early life of the petroleum industry because of the fluid and 
mobile characteristics of oil and gas) to those on @ more rational basis, that 
tend to conform more nearly with the unalterable laws of nature. 


Karly Work on Oil and Gas 


It is significant that many of the early pronouncements and methods of the 
petroleum engineers of the Bureau of Mines are only now being recognized general- 
ly throughout the industry and by the public. In reference to what should con- 
stitute adequate legislation for tne protection of o11 and natural-gas resources, 
for example, the Bureau of Mines, in 1915, af ter meetings were held with various 
State agencies, made the following statement: 


The laws not only protect against waste but also insure 4 market 
for natural gas, and thus induce producers to conserve gas instead of 
@llowing it to escape, a rateable marketing of all oil and natural gas 
offered for sale being provided for. In case production becomes too 
large for the available transportation and marketing facilities, the 
transportation facilities mst be increased or tne oil and gas mst 
be confined until they can be utilized. This provision will prevent 
large quantities of oil and natural gas from being brought to the 
surface and stored with a resulting waste of gas and a lovering of 
oil prices, 


4 Fifth Annual Report of the Director of the Bureau of Mines to the Secretary 
of the Interior for the fiscal year ended June JO, 1915, p. 80. 
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The foregoing statemat reflects what many students of oil and gas conser- 
vation believe is the essence of a rational conservation law today, . 


Another example of a forward-looking yienpoint pertaining to petroleum 
technology may be found in a series of experiments performed by the Bureau of 
Mines more than 10 years ago, giving a visible demonstration of the pigratory 
tendencies of gas, oil, and water in the reservoir. ‘The experiments” were not 
carried out in their entirety, but the technique was developed and certain 
“fundamental relationships established which have had wide and definite appli- 
cation, particularly since the water conditions in the East Texas field and 


elsewhere have become such an important problem to operators, to regulatory 
bodies, and to the courts of law. | 


During the first year of its organization (1910-1911), the Bureau of 
‘Mines analyzed samples of petroleum (continuing work started by Allen and his 
associates in the technologic branch of the United States Geological Survey 
' before the Bureau wis created) in its fuel-testing laboratory at Pittsburgh, 
Pa,, and @ small laboratory was maintained in the Custom House at San Francisco 
for the purpose of analyzing fuel oils used by the Government. Also, a method 
Of analyzing natural gas (not fundamentally different from the method in general 
use today) was developed by Burrell and others, © Work on various oil and gas 
problems was continued during the second fiscal year, and during the third fis- 
cal year nearly 150 samples of natural gas were collected and analyzed in a 
study of the composition of natural gas in different parte of the country. 
‘Possibilities of extracting gasoline from netural gas also were studied. 
Realizing that westes of o11 and gas were occurring on public lands end lends 
adjacent thereto, some field studies were made, particularly in California, 
with reference to excluding water from wells by the use of cement, 


The need of specifications for petroleum products used by the Government 
is indicated in the early correspondence of the Bureau of Mines. Joseph A. 
Holmes, first director of the Bureau of Mines, wrote to a large number of 
scientific and technical men under date of July 15, 1912, pointing out the wide 
difference of opinion among manufacturers and consumers of petroleum products 
in regard to proper specifications. Subsequently, Dr. Holmes suggested en 
attempt to coordinate and organize “inquiries of national scope through which 
knowledge in the possession of different investigators could be made available 
for the general good."" A series of conferences, held at Pittsburgh, Pa., in 
August and September, 1913, was attended by representatives of 34 organizations. 
Many problems of the petroleum industry, in addition to See eee ee for 
petroleum products, were discussed, 


5 Mills, R. Van A., Experimental Studies of Subsurface Eslationshios ‘in Oil 
@nd Gas Fields: Econ. Geol., vol. 15, 1920, pp. 998-421; Relations of 
Texture and Bedding to the Movements of Oil and Water Through Sands: 
Econ. Geol., vol. 16, 1921, pp. 124-141, 


6 Later reported in Bulletin 197, Bureau of Mines; latest edition publi shed 
in 1926, | 
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As an outgrowth of those conferences, plans were considered Bers cuety 
for the organization of what was termed "The American Petroleum Society," 
but probably the greatest zeneral good that came out of those meetings was 
the realization, definitely stated, that "the industry 1s jroping in the dark 
and that little accurate or even feneral information is available," 


In 1914, the capital invested in petroleum in the United States was said 
to be ebout one-half billion dollars, and wastes in drilling, development, 
storage, and: transportation were estimated to be at least $50,000,000 per anmz, 
@ large vart of which was preventable. Recognizing the condition, the Bureau 
of Mines started an active conservc.tion campaign, especially stressing the 
need for:the prevention. of gag wastage. Corrective measures recommended by 
the: Bureau led,.in.a short time, to the saving of 350,000,000 cubic feet per 
day of actually measured open-flow waste of gas. A study also was begun of 
the decline of oil wells, which later developed into one of the major, if not 
' epic, contributions to the advancement of petrolezm technology, and methods 
' Were suggested for prolonging the producing life of wells. In transportation, 
work was directed to efficient metnods of construction and operation of pipe 
lines, cost studies of such methods and operation, and to various types of 
tank and reservoir construction. 


The publication of a report ou the physicel and chemical properties of 
petroleums of California” was the Leginning of a ,eneral study of various oils 
to determine tieir relative values as sources of commercial products. These 
¢rude-oil surveys now include samples from nearly all of the important fields 
in the Western Hemisvhere aud from many of the more important fields in the 
Pastors Hel epEeres 


Because very Little celeritete lmowledge of chemistry involved in refin- 
a petroleums was availeble, and most refinera were dependent upon knowledge 
zained by their apprenticeship to older refiners, studies of refinery technolog: 
were started by the Bureau wita the view of devel oping more efficient methods 
for the preparation of petroleum products. 


In those early formative years of the petroleum division of the Bureau of 
Mines, the whole broad field of engineering and scientific research confronted 
the emall group of technologists who first coastituted this division. The in- 
sight with which an urgent need was sensed for broad and fundamental studies 
pertaining to petroleum and allied substances is reflected in the titles and 
subject matter of many of the earlier publications of the Bureau of Mines, 
many of which remiin ony standard references on the subject of petroleum 

technology. | ie 8 


7? Explained in detail Ta Technical Paper 72, Bareau of Mines, 1914. (Out of 
print.) 

8 Allen, I. O., dat accba, ¥. A, Physical gna Chemical Properties of the 
Petroleums of the San Joaguin Velley, Calif.: Bull. 19, Bureau of Mines, 
1911, 60 PPe 
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During the first years of the petroleum civision of the Bureau of Mines, 
there were few petroleum technologists in the employ of the oil companies, and 
in addition to their basic studies, engineers of the Bureau were called upon to 
render all manner of service. to the companies, frequently taking direct charge 
of the work, with the consent. of the operators, in an effort to bring about — 
corrective measures or improved methods. For example, the Bureau was the 
pioneer in advocating unizorm casing programs and the cementing of wells, and 
by work on the derrick floor, the use of peg models, cross sections, and other 
devices, operators were gradually convinced of the harmful effects of drilling 
into oil-producing formations without adequate safeguards against water en- 
croa.chment, 


It was during this period, when "in the consensus of opinion of well- 
informed authorities" demand for petroleum likely would soon exceed the pro- 
ductive capecity of the then discovered reserves, that. the Bureau of Mines gave 
to the industry the basic and studied report of Lewis,” which laid the ground 
work for later research and extonsive practical application of methods for re- 
covering Sa oat amounts of pevscneus from the mnceres oun? reservoirs. 


During the late part of 1917 and throughout 1918, the activities of the 
Bureau of Mines on petroleum and natural gas were devoted in large measure to 
problems of the war. The personnel of the petroleum division, because of their 
training and their knowledge of oil end gas matters, were in a position to give 
immediate service to the newly created United States Fuel Administration and to 
the armed forces of the country. Throughout the war-time period, in addition 
to the performance of a variety of confidential technical work, a determined 
effort was made to emphasize the prevention of waste of ae and gas, and their 
more efficient utilization. 

4 

At the end of the war "the ere vas conPuontsd with the need of enabling 
the mineral industries of the country to meet most effectively the inevitable 
difficulties that would confront them during the transition from the strain of 
war to the resumption of the normal activities of peace. Investigations in 
progress Were stopped or given a new direction; plans for the future were 
changed; new investigations were proposed; work was concentrated on those in- 
vestigatione that promised to be most beneficial to the mineral industries 
during the period of transition and readjustment." 


9 Lewis, J. 0., Methods for Increasing the aecoreay: from Oil Sands: Bull. 
148, Bureau of Mines, October 1917, 128 pp. 

10 3 yummarized report of this work is igen in Bureau of Mines Bull. 178-C, 
War Work of the Bureau of Mines: Petroleum Investigations and Produc- 
tion of Helium: June 1919, pp. 63-88 (out of print). 

11 Ninth Anmgl Keport of the Director of the Bureau of Mines for the fiscal 
year ended June 30, 1919, p. 9. 


1081 | ae ae 


Google 


I.C. 6737 


As examples of peace-time activities, inmediately following the war, the 
petroleum division of the Bureau evolved a new method for estimating the | 
future and ultimate production of oil properties, under tie then existing 
practices of so-called "normal decline," and a comprehensive study of under- 
ground conditions in oil fields resulted in a publiocationl§ on that subject 
Which is a continuing standard reference for all en engineers. 


During this ‘time also, ag Sates: ‘of the enentaad: studies, a widely 
recognized avthoritacive report was mada on the quality of gasoline marketed 
in the United States, 14 ong @ system of analyzing crude oils was developed 

which is the basis for the Pureau!e reports on its surveys of crude oils pro- 
duced nee the world, | _ 

With the passage of the aoxcna ea eee a Act" of February 25, 1920, 
Bureau engineers prepared operating regulations for.oil and gas leases under 
this act to protect Government lands against waste and damage in the devolop- 
ment of oil and gas, and from March 3, 1921, to July 1, 1925 (on which date 
the Bureau of Mines was transferred from the Department of the Interior to the 
Department of Commerce), all supervisory and regulatory work pertaining to 
the drilling for and the production of ore and gas on public lands was vested 
in the Bureau of Mines, 


Geouth of. tie Industry 


The petroleum industry has developed its capital ‘nventuant from the one— 
half billion dollars, reported for 1914, to a total in 1932 reported to be 12 
billion dollars, Concurrently, the natural-gas industry has grown from the” 
status of an almost unwanted appendage of the oil industry to a self-support-— 
ing business of national importance. In 1930, the natural-gas industry was 
conservatively estimated to have expended $500,000,000 for expansion alone; 
and in 1931, through its transmission lines (some extending 1000 miles or more 
across the country) it delivered gas valued at $392,816,000 et points of con- 
sumption, Although toere was an appreciable indicated decline in consumption 
for 19232, the estimated value for that year was well over $250, O00, 000. | 


During this epoch, the problems of oil and gas have anansea: As some 
problems have been solved, many others have appeared and the whole economic 
and technical structure cf the oil and gas industries and the omens interest 
therein have grown more complex. 


l2 . Beal, Carl H., The Decline and Ultimate Production of Oil wells, with notes 
on the Evaluation of Oil Properties: Bull. 177,. Bureau of Mines, 1919, 
215 pp. Later followed ty Cutler, Willard W., Jr., Estimation of Under- 
ground Oil Reserves by 0i1-Well Production Curves: Bull. 228, Bureau of 
Mines, 1924, 114 pp. 

13 Ambrose, A. W., Underground Conditions in Oil Fields: Bull. 195, Bureau of 
Mines, 1921, 238 pp. 

14 Hill, H. H., and Dean, E. W., Quality of Gasoline Marketed in the United 
States: Bull, 191, Bureau of Mines, 1920, 275 pp. 

15 Dean, E. W., Hill, He He, Smith, N. A. C., and Jacobs, W. A., The Analy tical 
Distillation of Petroleum and Its Products: Bull. 207, Bureaw of Mines, 
1922, 82 pp. 
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Today engineers are confronted with questions regarding the economic as 
well as the physical conditions that are involved in drilling to and producing 
from deep-lying formations, which less than 10 years ago were only conjectured; 
the effect of production control on ultimate recovery; the interpretation of 
so-called "bottom-hole" or subsurface pressures; the amount of gas dissolved 
in the oil under reservoir conditions; the flow of 011 and gas through the 
porous rocks of the reservoir and the related problems of well spacing; the 
many phases of unit operation and the gas-oll-energy attributes of the struc- 
tures; the widespread production, distribution, and use of natural gas; the 
manufacture of motor fuels and lubricants by processes which had not been con- 


ceived of in 1914 and 1916; and the complications of the technical phases of 
taxation. 


As the industry has changed through growth and expansion, so have the 
field of activities and some of the types of study of the Bureau of Mines 
changed. From the very natural result of the general dissemination of basic 
knowledge, the Bureau no longer is required actually to tutor by personal in- 
struction in the technique of oil and gas production in the same manner as in 
former years. Technical institutions and universities have developed courses 
in petroleum technology with the result that an increasing number of graduate 
engineers, who have specialized in oil and gas studies, have been available for 
employment by the oil and gas companies. Also, many former Bureau of Mines 
engineers have accepted responsible positions in the petroleum and natural-gas 
industries and have done much to implant the principles of good engineering and 
scientific thought as applied to petroleum and natural gas in the organizations 
which they now serve. Many companies have their own research organizations, 
both in the laboratory and in the field, and some types of laboratory research 
are conducted at universities and other technical TRBLENOS ORD. 


Recognizing this growth and change, the Bureau of Mines for several years 
has concentrated its efforts on studies of a fundamental nature that apply . 

_ throughout the whole industry and that can not reasonably be made by individual 
companies or others. In so doing it is closely following the policy established 
18 years ago to do pioneer work on problems that have broad, if not national 

or international, significance. Some of the early problems were so fundamental 
that the general plan of attack has not radically changed. These researches of 
the continuous type should be perpotuated in order to acoumlate the knowledge 
that is required for proper functioning of the industry. 


This period of change in some major activities of the Bureau was perhaps 
first definitely evidenced when in 1926 the oil-recovery laboratory at the 
Petroleum Experiment Station, Bartlesville, Okla., was organized with a work~ 
ing program and outline of procedure as definite as any basic research project 
will permit, and the former practice of having one or more expert drillers in 
the field was discontinued shortly thereafter. 
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A research project which requires the development of a philosopry is 
never undertalzan by the Bureeu until a cereful canvass'of its need has been 
made. For exauple, several years of planning preceded tre estetlishment of 
the oil-recovar, laboratory as the nucleus of a definite project. Again,: be- 
fore work was s:arted to devermine tue amount and ccAractecr of gas dissolved 
in o11 in natural reservoirs, personal]. discussion or corresponcence was held 
with recresentative engineers in 911 parts of the country in order to obtain 
their viows regarding the need for sich work. Conversely, when a problem 
reaches a stats of cumletion Wiere sufficient date nave been compiled to en- 
able the indwstry to rake practical application of the results, a report of 
the findings is written for general distribution, and active work on- the 
problem is sucsvended, This prececure was t;pically true of the problem of 
cementing welis, when sone years ago it becane evident that the industry had 
accepted the results of findings of the Burecu on that subject and was using 
them effectively to protect against underground waste of oil end gas and was 
.amplifying the technique as occasion demanded, cue to peculiar local condi- 
tions or new developments. However, current information on suspended problems 
is gathered and kept on file for use es needed in the general dissemination of 
information or for revision of carlier published worl, © 


Facilities for Study 


At the present time (May 1°33) the petroleum and natural-gas division of 
the Bureau of Mines has a staff of approximately 50 technical men and a small 
force of clerks, mechanics, and skilled laborers. Headquarters for fieldwork 

. &re maintained at the Petroleum Experiment Station, hartlesville, Okla., and 
- at the petroleum field offices at San Francisco, Calif., Dallas, Tex., and 
Larenie, Wyo. |. | 7 


The Petroleum Experiment Station was ostablished in 1917 upon a site con- 
taining 5 acres of land given by G. B. Keeler of Bartlesville. Two brick 
buildings, one an administration and office building and the other a chemical 
laboratory, vere erected through the efforts of the Chamber of Commerce of 
Bartlesville, Okla., in providing $50,000 for that purpose. During the life 
of the station, the State of Oklahoma has generously contributed cooperative 
funds to aid in its maintenance and operation and for the conduct of oil and 
gas investigations wnich pertain more specifically to the industry of that 
State. Various other stvdies on relatively "short-time" problems have been 
conducted at the Petroleum Experiment Station and at tue petroleum field 
offices under the Bureau's organic provision which enables it to enter into 
formal cooperative agreements with agencies that are interested in technologic 
advancement in the mineral industries. 

The San Frencisco office has been maintained since the Bureau of Mines 
was organized in 1910. At first it was primarily a field laboratory where 
fuel oils, purchased by the Federal Government, were tested. Later, as the 
interest in petroloum technology grew more pronounced, the San Francisco 
office became the wostern center of the Bureau of Mines on all matters per- 
taining to oil and gas. Phases of the Bureau's petroleum research projects 
under study at San Francisco will be discussed later in the paper. 
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The Dallas (Tex,) office was opened early in January 1920, The Dellas — 
Chamber of Commerce was instrumental in bringing‘ about the final selection of 
that city as the headquarters for petroleum engineers of the Bureau of Mines 
making studies in the oil fields of Texas, Louisiana, and Arkansas, The en- 
gineering field studies, mede by tne Dellas office of typical fields in all 
parts of the Gulf-Southwest, are related definitely to the production - research 
projects being conducted at the Bartlesville Station and at the other field 
offices, 


The Bureau's work at the Laramie, on office began July l, 1924, at the 
request of the Rocky Mountain overatore and the State of Wyoming. The initial 
work there was devoted almost exclusively to production problems. With the com- 
pletion and publication of the results of a study dealing with paraffin and con- 
gealing oil, interspersed with many shorter reports, the Bureau suspended active 
work on production problems at that office, and in January 1930 the nersonnel 
began a chemical and refining study to eveluate tae future economic importance 
and refining values of the black oils of the Rocky Mountains, 


This change in type of work was decided upon only. after a thorough personal 
canvass of the changed conditions: in the Rocky Mountain area clearly indicated 
to the Bureau that production problems were becoming progressively less impor- 
tant, and that the black~oil resources were a growing factor in the economic. 
welfare of the region. The relation of this work to other refinery problems 
of the Bureau will be discussed further on in the paper. 


Interrelationship of Research Problems 


In the earlier work of the division, investigations were grouped under the 
three general headings of petroleum technology, chemical technology, and 
engineering technology, but the individual engineers and scientists worked more 
or less independently of each other. Correlation was maintained through the 
office of the chief petroleum technologist, and every man assisted his 
associates by constructive criticism of manuscripts and reports. This system 
proved to be successful anc has led to the frequent statement that Bureau of 
Mines reports are among the most critically reviewed pieces of writing that 
appear in the technical literature. Because of the wide scope of his own prob- 
lem and the many subjects theretofore untreated, it was logical that each man 
should follow his own course in collecting data and putting the results of his 
findings into published form where they could be referred to and used. The re- 
sult is reflected by the nearly 500 pubdlications on 011 and gas tuat have been 
issued by the Bureau of Mines, This number does not include the many papers © 
given before technical and other societies and srecially prepared articles 
printed in the technical press. 


The interrelationship of the several problems, however, both in refining 
and production, has been sensed for several years. This condition was evi- 
denced first in reference to the chemical work, end after the petroleum labora- 
tory was transferred from Pittsburgh, Pa., to Bartlesville, Ckla., in 1923, 
the chief of the chemical section at the Bartlesville station served as super- 
vising chemist for the whole civision, devoting much of als effort to 
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coordinating the problems then under study. In 1930, cnanged conditions 

showed the need for even closer correlation, and definite steps were taken to 
establish a direct and unified supervision of all work of the civision dealing 
with petroleum chemistry and chemical engineering as pertaining to the refin- 


ing of oils. 


As in the refinery work, a common fundamental relationship was proved to 
exist and to govern the problems relating to the production of oil and gas. 
During the last 3 years especially, the several production-research projects 
have been conducted in accordance with a definite plan whereby the engineers 
in charge of the several studies meet in frequent conference and discuss 
their interrelated and mtual problems. — 


This interrelation of research problems will be developed further as the 
several problems are discussed. 


Problems 


For convenient troatment, the technical problems of the Bureau of Mines, 
pertaining to oil and gas, are discussed in the following pages under four 
general groups: (1) Petroleum chemistry and refining; (2) production of gas: 
and oil, including related problems of pipe-line transportation of natural 
gas; (3) engineering field studies, and (4) special engineering problems. 
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(1) PETROLEUM CHEMISTRY AND REFINING 


The major problem of the refinery section deals with sulphur compounds and 
other harmful substances in crude oils and their segregation and removal by 
better methods of fractionation and subsequent chemical treatment. To assure 
that the work in one laboratory would not be unnecessary duplication of work 
performed in tne other laboratories but that each would supplement and. augment 
the others, the supervising engineer at Laramie, Wyo., who is in direct charge 
of the studies of high-sulphur oils of the Rocky Mountains, is also held 
responsible for the progress of the work on refining the naphthene - base oils 
of California in the laboratory at San Francisco, Calif., and for the frac- 
tionation tests in visible distillation equipment anc the other problems per- 
taining to sulphur in oils at the Bartlesville, Okla., station. Progress 


under this arrangement, since it was instituted in 1930, hae proved the 
feasibility of the plan. 


"Black Oils" of the Rocky Mountains 


The study of the "black-oil" resources of Wyoming and the thermal- 
decomposition of Rocky Mountain high-sulphur crude oils is a phase of the major 
refinery project of the Bureau dealing with sulphur in petrolewm., 


The economic importance of this study to the whole Rocky Mountain area is 
clearly indicated by the fact that the production of light, low-sulphur crude 
oils in Wyoming has been decreasing since 1923. In 1930, the light-oil produc- 
tion about equalled the potential production of black oils, which a recent 
survey shows is between 36,000 and 46,000 barrels per day for wells already 
drilled. Actually, the black-oil production in 1932 was approximately 5,000 
barrels per day. Unless new light-oil fields are discovered, more and more 
black o11 must be refined to supply the regional demand for petroleum products. 


The increasing importance of the black oils of the Rocky Mountains, as a 
source of refined products with which to meet a somewhat localized market, is 
evidenced by the activity of the Wyoming and Montana refiners in expanding 


their black-oll refining capacities during the latter part of 1932 and the 
first half of .1933. 


The published conclusions so far developed in the study of high-syiphur 
crude oils of Wyoming are given in Bureau of Mines Technical Paper 538=— (re- 
leased October <5, 1932) as follows: 


The results of this survey indicate that most of the "gaso- 
line and naphtha" fractions from Wyoming black oils, which con- 
stitute the portion of the crude used in the manufacture of motor 


16 Thorne, H. M., and Murphy, Walter, A survey of the High-Sulphur Crude Oils 


(Black Oils) Produced in payne Tech. Paper 538, Bureau of Mines, | 
1932, 56 Pp. | 
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fuel, are deficient in light ends and have a sulphur content 
greater than 0.1 percens. There fractions will need blendin;; 
with lisut waterial in order to meet distillation requirenexts 
and will require desituphurication treatient in orcer to meet 
tue sulphur specifications for motor fuel, 


These cruces cui be mde. to yield more gasoline by cracking 
than is snotm by tre anuiyses in this report, but due to their 
high-sulphur and carbon-residiie content, cractting offers diffi-. 
culties of operation Wwaicn maice it necessary to design especially 
acapted equinuent. 


As tais survey indicates, tue black oils contain greater 
amounts of lubricating-oil stocxs than many of the vell~-kiowm 
lubricatins-oil crudes, but the Jubricating-o1ll stocks from 
these blacis oils will require extensive and expensive treatment 
due to their nigh-s:paur end asphaltic material content. 


A series of tests on cracxing typical blacis olle from tie Oregon Basin, 
Garland, Grass Creek, and Dallas-Derby fields, and treatuent of the products, 
is row being conducted at the Laramie (liyo.) office. The tests are being 
made in a high-pressure experimental still having a capacity of 5 gallons, 
tested to 2,000 pounds ver square inch, and operated at pressures up to 500 
pounds per sauare inch, ‘The object of the work is to determine the effect 
of cracking on the sulpnour compounds and to determine hor tu:is cracking in- 
fluences the distribution of sulpaur in the various fractions. 


It has been found tuet different pressures and temperatures have an effect 
on the decomposition of tke sulphur compounds in the oil and on the yield of 
distillates, and some indications of optimum conditions of producing motor 
fuels from these crude oils by cracking are being obtained. ‘The preliminary 
treating experiments on the distillate indicate the advantage of treating at 
lov temperatures, but so far tiie amount of acid required is a@vove the economic 
limit, Through the cooperation of a Rocky Nountain refiner, some detonation 
tests have been mde on motor fvels obtained in the experinental work, which 
indicate that straight-rvn gasolines from black oils have a rather low octane 
raving. 


Fractional Distillation of California Lubricating Crude Oils | 


In 1929, a study of the removal of asvhalt and sulplmur compounds from 
California lubricating crude oils by fractional distillation was started in 
the San Francisco laboratory. , as Se 


This problem was ace meaicen at the completion of the engine service tests 
of interna} combustion engine lubricating oils made fron California crude 
petroleun, 


17 The y Oem fas lae ed fe tests were initiated in 1923, in cooperation with the 
American Petroleum Institute, and reported by Gavin and Wade in 1926 in 
Bureau of Mines Technical Pu Lee 587; followed by a companion st of the 
relationskip between volatility and consumption of lubricating oils in 
internal-combustion engines, reported by Wade and Foster in Technical 
Paper 500 (published in 1931). 
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The growing use of vactym distillation and efficient fractionation pointed 
to those refining methods as being superior tu the prevailing refinery practices 
in California of partly removing these celeterious substances by chemical 
treatment and tiltration, | 


To that end @ laboratory batch still end a visiblo-action fractionating 
column,. to be operated under vacinu, were designed and built to produce lubri- 
cating distillates under as nearly iaeal conditions as possivle in order that 
& subsequent study of the characteristics of tre distillates could be made, 
The fractionating column is so arranged tuat it can be operated under adiabatic 
conditions, and localized or premature cracking of the oils in the still has 
veen reduced to the miniminm ty a method of Recotin evon heat transfer to the 
oil. - @ _ | ae 


Three typical oils (Coalinga, Midway, and Xern) yielding California 
lubricating distillates were distilled at an absolute pressure of 1 m, of 
mercury at the ton of tle column end 10,5 to 15 mi, in the still. A descrip- 
tion of the still and column, the method of operztion under vacuum, and 
tabular data on the. pkysical and chemical characteristics of the close-cut 
frections saad the tests ere given in Repore of Tavestigations 159.28 


Since the initial report vas teeued: the haten still has Been revlaceé by 
a pipe eat in order that continuous operation can be maintained. : 


To evaluate the several products obtained in the still and fractionating 
torer, it wes necessery to develop a method and apparatus to measure the | 
stability of the lubricating distillates, Refiners on tne Pacific coast have 
shown much interest. in this method, developed by necessity out of the vacuun- 
distillation study, whereby it, has been possible to assign numerical values 
to lubricating oils which will represent their ability to resist deterioration 
due to oxidetion, polymerisation, and condensation. The stavility-test method 
is now being thoroughly revieved and checked, both within and outside the 
Bureau, not only on western oils but on eastern oils as well. 


Chemistry and Refinery. Studies. at Bartlesvillo, Okla. 


_ &t the Petroleum Experiment Stations Bartlesville, Okla., the major 
"sulphur-in-petroleum" problem has been under study, without interruption, 
since the petroleum laboratory was moved from Fittsburgh, Fa., in 1923, In 
fect, the sulphur problem has been of mejor importance to the petroleum in- 
dustry since 1880-1885, and studies of many phases of the prooren have been 
made by Bureau chemists and engineers. 


18 Guthrie, Boyd, and Higgins, Ralph. Taboratory Batch Still and Fractionat- 
::ing Colum for Production and Stu¢cy of, Lubricating Distillates under 
. Vacuum: Rept. of Investigations 2159, Bureau of Mines, 1932, 18 pp. 
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A phase of the sulphur problem has been studied in recent yecrs by the 
use of @ visible-action continuous—distillation apparatus for laboratory study 
of fractionation. This device was described in Report of Investigations 2892, 
published in 1928, and was an exhibit at the International Petroleum Exposi- 
tion at Tulsa, Okla,, in 192°, where it attracted the favorable attention of 
many refinery technologists fron this and foreign countries. The apparatus 
will form the nucleus of the Bureau's exhibit of petrolewn refining by frac- 
tional-distillation methods at the "Century of Progress" in Chicago. 


In a more recent study of the characteristics of Winkler County (Tex.) 
crude oil containing 1.49 percent sulpimr, it was found that by proper frac- 
tionation and by dividing the gasoline into two or more fractions and treating 
them according to their several roquirements, gasoline satisfactory as a motor 
fuel could be produced from this crude o11 without as mich chemical treatment 
and resultant losses as if it were produced from the crude oil in one stream, 
Complete results of three series of.runs on this oi] in the visible-sction 
laboratory apparatus are given in Technical Paper 505.12 


The Bureau has mede a long-time study of various methods of refining light 
petroleum distillates, For some years its refinery engineers have mointained 
toat proper fractionation of the gasoline yield of a pressure distillate will, 
with most distillates, decrease the amount of chemical treatment that will be 
required by the gasoline to meet trade requirements, The writers of Bulletin 
333, = which describes various refining and treating methods, conclude that 
although "each crude and each pressure distillate has its own characteristics, 
and it is impossible to formulate a set of rules as to Low much of each crude 
or each distillate should be taken overhead in the vapor phase end how mech 
should be taken off the tower in the side stream," tue beneficial results of 
the proper use of fractionation can not be denied... They recommend also that 
refiners investigate the possibilities of lessening tne need of treating their 
products chemically by greater use of efficient fractionation and thereby re- 
duce the attendant losses of valuable petroleum products, bob , 


Basing procedure upon the previously determined results of fractionating 
light petroleum distillates, and in line with other sulplmr studies of the 
Bureau, work was started on high-sulphur pareffin-base lubricating oils at the 
Bartlesville station in the belief that the amount of sulpimr compounds which 
cause bad color and odor in the oils can be reduced in the process of manufac- 
ture by means of proper fractionating equipment, To conduct this study, a 
bubble tower operating under vacuum has been designed and biilt. The tower, 

6 inches inside diameter and 9 feet, 8 inches high, is so constructed tnat 
action within it may be observed through inspection ports. The tower assembly, 
together with a pipe still of the electric muffle-furnace type, condensers, 


19° Espach, Ralph H., and ‘Rue, E. P., Influence of Fractionation on Distribu- 
tion of Sulphur in Gasoline: Tech. Paper 505, Bureau of Mines, 1931, 
24 pp. ae — mS : 

20 - Rue, H. P., and Espach, Ralph H., Refining of Light Petroleum Distillates: 
Bull. 333, Bureau of Mines, 190, 111 pp. 
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receivers, vacuum pumps, & refrigeration unit, and necessery accessories, all 
of woich are supported on a steel framework, is over 9 feet high, 8 feet long, 
and 3 feet wide. Prelimisary runs have been made and a vacuim as low as 3 m. 
absolute pressure can be mintained on the whole system, It is hoped that 
conditions will permit a series of runs to be started in the near future, in 
which various refining problems ercountered in the manufacture of varaffin- 
base lubricating oils will be studied, 


Another phase of the sulphur problem has been a study at Bartlesvillg of 
_methods for determining the sulphur in gasoline. In Technical Paper 513,21 
the authors, who studied a method of sulphur determination, concluded that "in 


general, tre determinations of sulphur (made by them) proved quite clearly 


that the Eijgar and Calingaert method, with the use of a sensitive indicator and 
provision against und@veevaporation losses and improper lamp operation, is a 
very satisfactory method of obtaining check resuits and, in the case of some 
compounds, of accurately determining the percentages of sulphur in gasoline." 


Wax-Dietillate Problems 


One cf the administrative problems confronting the Bureau of Mines is to 
“make available for use by the industry material that has taken years to collect. 
One such case before tho Bureau is a study of methods of handling wax dis- 
tillates in order to minimize the bad effects of amorphous waz. The problems 
involved in their waz content hinder large quantities of crude o11 from becom- 
ing more valuable for the manufacture of high-grade lubricating oil. Work on a 
manuscript dealing with the manufacture and refining of wax was started by Wyant 
and Marsh in 1925. These authors prepared some excellent material before they 
resigned from the Bureau of Mines several years ago, but when an opportunity 
presented itself to publish the results, their work needed to be checked against 
recent developments in the art, 


Prior to July 1, 1932, an engineer of the Bureau visited refineries to 
investigate present methods of handling wax, but his work has been delayed. 

| Because the refinery group et Bartlesville is limited to three men, which does 
not permit conducting more than one active problem at a time, the definite de 
cision has been made that pending work on fractionation of lubricating dis- 
tillates in the large-scale vacuum-distillation unit, which has been mentioned, 
will not be carried forward until the revision of the paper on wax and wax dis- 
tillates is completed. ‘The industry will thereby be given the benefit of this 
investigation, extending over a period of years, and at the same time reducing 
the number of refinery problems under study ~- now too large for the force of 
technical men that can be assigned to then, 


21 Espach, Ralph H., and Blade, 0. C., Studies on Determination of Sulphur 
in Gasoline: Tech. Paper 513, Bureau of Mines, 1931, 22 pp. 
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Synthesis of Motor Tuels from Natural Gas 


Not only has the art of manufacturing ccmmercial products from petroleum 
experienced 4& revolv.tion of iceas during the history of the Bureau of Mines, 
but ways of menufacturing products from natural gis, other than by the now 
ccnventional methods of natural-—gasoline extraction, are no longer considered 


visionary, 


Recognizing that large quantities of natural gas are being wasted because 
no reacy mariztet is available, a study was begun at the Bartlesville station in 
1928 to deveswn rossible methods of utilization thorough tue synthesis of motor 
fuels from nétaral gas, using the principle of thermal-decomposition of natural 
gas, with temvcrvature, pressure, and flow rate as tne major variables. The 
aromatic hydrocarbons, especially benzol, are well-known antikmock motor fuels, 
and their econonic manufacture from natural gas, especially from gas composed 
chiefly of methane, would provide a means of using mich gas that is now wasted, 


Various investigators had found points in common regarding the synthesis 
of light oils from methane, but they were not in agreement on many points, 
especially in relation to the temperatures necessary for maximum yield, Con- 
sequently, the Bureau, after a thorough review of the available literature, 
conducted work to devise apparatus and develop technique for the pyrolysis of 
methane, The preliminary report on this subject wes given at Indianapolis 
before the American Chemical Society on April 3, 1931, and in October 1931, 
Report or Investigations 5143,=~ the first of a series of papers on the pro-— 
duction of motor fuels from natural gas, was published by the Bureau. 


Since the initial report wes published, the laboratory experiments have 
been extended to include the processing of natural ges in a large-scale labora- 
tory unit where calorized KAe steel tubes, 6 feet long, with diameters of l, 
14, and 2 inches have been used. Yields of 3/10 gallon per thousand cubic 
feet of gas have been obtained, and certain optimum conditions of operation 
have been established. In order to obtain a maximim conversion to light oils, 
@ study also is being made of catalytic methods of hydrogenating the tars, 
which are produced 1n the pyrolitic treatment, by utilizing for this purpose 
the hydrogen present in the residue gas from the process. To comolete this 
problem it would be necessary to build a test-plent unit for continuous and 
fairly large throughput. 


Removal of Hydrogen Sulphide from Natural Gas - 


The hydrogen-sulphide problems of the petroleum and natural-gas industries 
have @ three-phase relationship: namely, safety, corrosion, and removal by 
treatment. The first two phases will be discussed later in this paver. 

Methods of removal from natural gas more nearly fall within the group of 
chemistry and refining problems than do safety and corrosion, although actually 
one phase of the subject can not be adequately discussed without reference to 
the others e 


22 Smith, H. M., Grandone, Peter, and Rall, H. T., The Production of Motor 
Fuels from Natural Gas - 1. Freliminary Report on the Pyrolysis of 
Methane: Rept. of Investigations 3143, Bureau of Mines, 1931, 12 pp. 
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A number of commercial processes have been developed for removing hydrogen 
sulphide from natural gas, but the problem is by no means solved in all its 
ramifications. The results of a special study made by the Bureau of Mines show 
that hydrogen sulphide can be removed economically from "wet" natural gas by 
means Of & lime and salt solution, by contacting the gas and the solution in 
the proper scrubbing device. Both lime and salt are relatively cheap chemical 
reagents, and at one commercial plant where this method was tried, satisfactory 
economies in operation were effected. | | 


In Report of Investigations 3176 22 wherein this method 1s described, the 
further suggestion is made of the possibility o*. converting certain natural 
oil~field waters to the proper treating solution by tue addition of relatively 
small amounts of certain chemicals, thus reducing: the cost of the chemicals 
necessary to remove hydrogen sulphide from natural gas, 


The Chemistry of Oils 


Not all work on oils is directed to refining methods. Following the work 
of Allen and Jacobs,°4 the crude-oil surveys to determine the physical and 
chemical properties of petroleums and their relative values as sources of 
commercial products were extended, and today the Bureau of Mines collection of 
crude-oil samples is one of the largest. The Bureau's method of analysis, 
developed as post-war work to meet the industry's requirements of that trans- 
itory and readjustment period, makes possible tne comparison of different crude 
petroleums on a reproducible basis. The Bureau's classification, @6 in accord- 
ance with the "base" of an oil, is kmom and recognized wherever analyses of 
crude oils are considered. | 


More recently, because of the generally recognized need for information on 
the subject, much attention is being given to possible relationships between 
geologic depth and chemical characteristics of the oils. Such a study is being 
made of oils produced from sands of the eastern United States, and a manuscript 
discussing oils from the Hastern Hemisphere with reference to producing forma—_ 
tions is now being reviewed by competent authorities in those fields. Many of. 
the samples to be reported in the bulletin on crude oils of the Eastern © 
Hemisphere were cifficult to obtain, and only through the willingness of. 
foreign countries and other agencies to, cooperate with the United States 
Government were the samples delivered for analysis and subsequent report. The 


23 Rue, H. P., The Use of Lime in a2 Salt ‘Solution for Removing Hydrogen 
Sulphide from Natural Ges: Rept. of Investigations 3178, Bureau of Mines, 
1932, 8 pp. 

c4# Allen, I. C., and Jacobs, W. a., Physical anc Chemical Properties of the 
Petroleums of the San Joaquin Valley, California: Bull. 19, Bureau of 
Mines, 1911, 60 pp. | . 

cD Dean, bE. W., Hill, A. He, Smith, N. A,.C., and Jacobs, W. A. ‘The analytical 
distillation of petroleum and its products: Bull. 207, Bureau of Mines, 
1922, 82 pv, — 

26 Smith, N. A. C., The Interpretation of Crude Oil Analyses: Rept. of 
Investigations 2606, Bureau of Mines, 1927, 20 vp, 
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work of collecting samples of foreign crade oils has been in progress for 

more than 10 years. In connection with other studies, representative samples 
have been.collected in the Oklanoma City field, and the analyses. have been 
reported. One report has been issued giving analyses of crude oils produced 
in sast Texas ,8 and &@ subsequent report, in preparation, will discuss the 
characteristics of these and other Hast Texas oils in relation to their 
probable source beds, 


A major research related to the crude-olil surveys pertains to the chen 
istry of crude petroleum, as siowm by the Bureau of Mines Hempel method of 
analysis, Although data are being accumilated on this subject through the 
analyses of representative oils, no opportunity has been given to prepare this 
material into a bulletin for publication. 


This problem is typical of many that are under study by the Bureau of 
Mines. It was begun in the early years of research on petroleum, and like 
many others it is so fundamental that the general plan of attack has not 
radically changed. Many of these researches of the continuous type should 
be perpetuated in order to accumulate the kmowledge that is required for. 
the proper functioning of the industry. 


Gasoline Surveys oe 


Other studies pertain to marketed products. . The surveys of motor gaso~ 
lines by the Bureau of Mines date back to work in 1911 on comparisons of gaso- 
line and alcohol as fuels for internal-combustion engines. It soon became 
evident that there was a dearth of published information on tne quality of 
diff ah motor fuels sold throughout the. country. Following an initial re- 
port?9 on the physical and chemical properties of gasoline marketed in 1915, 
more extensive surveys were made in April 1917 and April 1919. Subsequently , 
the semiannual motor-gasoline survey of the Bureau was developed in response 
to an ever-growing. demand for this type of technical information on. the part 
of the ADEEACKUrers of motor fuels, - | | 


With the issuance of the twenty-first semi-annual motor-gasoline survey , 
it became evident. that these surveys either must be discontinued or made more 
extensive in order to meet any objection that they . were not showing a true 
cross section of the characteristics of marketed motor fuels. It was finally 
decided to extend the surveys, and the number of cities wnere camples were ob- 
' tained was increased, and the number of samples. collected was doubled to 
approximately 300. Also, samples of the gasolines tested in the routine 


2? Garton, E. L., Analyses of Crude Oils from the Oklahowa City Field, Okla. : 
Rept. of Investigations 3180, Bureau of Mines, 1932, 29 pp. 

28 Garton, E. L.,. Properties of Typical Crude: Oils from the kast Texas field: 
Rept. of Investigations 3130, Bureau of Mines, 1931’, 7 pp. 

29 Rittman, W. F., Jacobs, W. A., and Dean, i. W., Phy sical and Chemical Pro- 
perties of Gasoline Sold Throughout the United States During the 
Calendar Year 1915: Tech. Paper 163, Bureau of Mines, 1916, 44 pp. 
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laboratory of the Petroleum Experiment Station were sent to the Bureau of 
Standards, where through the ccoveration of that Federal agency, detonation 
tests were made and the results reportec, giving the first published survey 
of octane numbers of gasolines. 


The making of the gasoline surveys taroughout the country entails a large 
amount of expense and work, particularly where @ Burean representative actually 
collects the gallon semples at service-station pumps in 20 cities, and increas- 
ing need of retrenchment forced the Bureau of Mines to ech Ae the surveys 
with the issuance of reports on the survey of August, 1931,— 


Since information on the properties of conmercial motor fuels throughout 
the United States was desired by the industry, @ canvass was made of represen- 
tative oil companies who make gasoline surveys for their own information in 
their own marketing districts, It was thought that if these companies could 
supply the necessary information, the Bureau could analyze these results in 
mach the same way as thay had analyzed the results of their owm analyses and 
continue to puodlish reports thereon, retaininz, of course, the previous prac- 
tice of keeping tne identity of samples unrevealed. The response from the oil 
companies was indicative of their continuing interest. In fact, a dozen or 
more companies submitted data sheets, but these had to be returned to the 
senders, because in the first part of July 193e it became evident that the 
Bureau would not be able to publish this information, for the reason that the 
Federal apvropriation for oil and gas work had been greatly reduced, The only 
possible way by which these reports may be continued at the present time, and 
the intervening gap filled, is a definite action on the part of the industry 
through some of its agencies to arrange for the publication of these data 
which the Bureau is anxious to perpetuate in permanent record, 


Routine Laborato 


As a very important adjunct not only to the refinery and chemical sec- 
tion but to the oil-field investigations and research problems as well, a 
routine laboratory has been maintained at the Petroleum Experiment Station, 
Bartlesville, Okla., since 1923, when the Burcav's work on the chemistry of 
oils wes transferred from the Pittsburgh (Pa.) Experiment Station, in order 
that the technologic studies of all phases of petroleum by the Bureau of 
Mines would be more centralized. In this laboratory, analyses of samples of 
crude oils, distillates, motor fuels, oil-field waters, and natural gas are 
made. 


30 Kraemer, A. J., and Lene, E. C., Twenty-second Semi-Annual Motor Gasoline 
Surveys Additional Date: Rept. of Investigations 3092, Bureau of Mines, 
1931, 32 pp., including a section on detonation cnaracteristics of motor 
fuels by the United States Bureau of Standards. 

Sl Kraemer, A. J., and Lane, B. C., Motor-Gasoline Survey, August, 1931. 
Part l - ecification Data: Rept. of Investigations 3162, Bureau of 
Mines, 19 24 pp. 

Kraemer, A. ie ae E. C., and Garton, E. L., Motor gasoline ee 
st, 1931. Part II - Additional Data, with a section b; N. R te 
H. K, ae s on Detonation Characteristics of Motor Fuels: Rept. 
of Tavesticatione 3175, Bureau of Mines, 1932, 31 pp. 
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Frequently, s@muples are sucmitted by individurls recuesting an analysis 
of the mterial for commercial reasons. The Bureau's petroleum laboratory 
is not a cormnercial laboratory, elthougn upon request it does a small amount 
of routine testing for other Federal agencies. The general practice is for 
the Fureaa to collect or request collection of its o’m sacples, anc the send- 
ers of vunrequested sammles are referrec to recognized comercial laboratories. 
who ere quelified to do tLe works in question. © | = 


Svrwery Stateient 


Tue forefoing review of the status of some of the Bureau's present 
studies, as tley pertain *o the cuemistry and refining of petroleum end its 
products, is by no means complete. The reader shovld have gained, however, 
from text and footnots rererenze, a generel idee of the tyves of problems 
under stucy and @ sugsesvion of tae resalts.. Selected lists of Bureau of 
Liines publications pertaining to oil cond gas are available to those rho 
desire more complete reference to the published work on the several investi- 


gations. 
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(2) PRODUCTICN OF GAS AND OIL 


(Including related problems of pipe- 
line trarsport.tion of natural gas) 


The same physical lays of flow, anc certein fundamental relationshins — 
based upon these laws, hold for all fluids anc fiuid mixtures traveling in | 
horizontal pipe lines, in vertical pipos, and in the intricate passages made 
up of. the connecting spaces in porous media. Naturally, tke character of tne 
fluid nc tke walle of the couducting spaces change the form of the mathematical 
expressions describing the flow under a get of erecified conditions. For this 
roason, engineers throughout tke petroleum and néz:tural-gas industries are en- 
deavoring by many experimental methods to determine suitable numerical values 
for certain constents and exponents that may be apvlied in making computations. 
Tne otjective is to obtain ressonable results witkout unnecessary refinements 
Which may become weaningless in tie light of otuer coutrolling factors. 


From the foregoing statement, it is seen that etudies of pipe-line trans- 
portation of natural gags have auch’ in common witk studies of flow relation-~ 
snips in. tne are of gas and oil. 


The Annual Report of the Director of the Bureau of Mines for the fiscal 
year ended oe 3G, 1931,- stated: 


: The present problems pertaining to (1) flow of gas through pipe 
lines, (2) estimating reserves, (3). zagsing and controlling natural- 
gas wells, (4) increasing the recovery of oil and related problems 
of flow of oil, gas, and cil-gas wixtures tnrougn porous media, (5) 
solubility of natural gas in crude oils, (6) vertical flow in wells, 
of which knowledge of flowing temperatures &nd pressures at various 
positions in the wells is so essentially a pert, (7) injection of 
gas into partly depleted sands, and (8) migration of gas in reservoir 
sands are all essentially ove lerze eroup of correlated research with- 
in the bureau. 


For administrative purposes, these production problems are placed ir four 
working sections - netural gas, oil recovsry, vertical flow, end gas solubility 
- each section of which is connected actually, as well as diagramaticelly in 
the organization chart, to eack of the otuer sections, As data are developed 
On any one of these problems, they strernzthen tic structure of the whole pro- 
ject of production research. For example, in the Bureau's study of pipe-line 

transportation of naturel gas, flow relationships or tne upstream and Ccown- 
stream pressures were founc to have direct application not only to the study 
of vertical flow of oil-gas mixtures in wells but also to the study of oil- 
recovery problems which involve migretion of oil and: gas ere sands and the 
spacing of wells. 
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Natural Gas Problems 


In tke opinion of the Bureau of Mines, researca problems of the natural 
gas industry and those of the petroleum industry are not subject to definite 
separation, This fact was clearly demonstrated in the cooperative report of 
the Bureau of Mines and the American Petroleum Institute entitled "Function 
of Natural Gas in the Production of 0i1."52 However, certain studies develop 
from conditions which are peculiar to the recovery and handling of each of 
these companion hydrocarbons. 


The work on antusay gas. extends back to the Bureau's écsaateatten: For 
the past 10 years the problems have had a definite place in the industry's 
program througn formal. cooperation with the Natural Gas Department of the 
American Gas Association (formerly the Natural Gas Association). This work 
- dates back to preliminary but very essential and basic tests by Cattell and 
- Rawlins on the flow of gas through small orifices. That work has now been 
extended to orifices of large diameter (up to 54 inches) and a bulletin is in 
preparation which will cover all pressure conditions that would be found in 
the field or in experimental study... 


On the basis of the small orifice relationships, a Nation-wide study of 
leakage losses from high-pressure natural-gas transmission lines was made, 
and a generally recognized method of determining these losses was developed 
which became a part of the code of the American Gas Association. Probably no 
gas-transmission line of any importance has been placed in operation since 
1928, when Bulletin 265% was published, that was not thoroughly tested in 
accordance with the method described in that publication. In fact, on the 
24~inch line from the Texas Panhandle to Chicago and on several others, 
engineers of the Bureau. were called upon to give advice in order that the 
lines would be made safe and loss ehrouse leakage would be as small as 
possible. 


Flow of Gas in Pipe Lines 


Complementary to the gas-leakage work, another phase of the pipe-line 
studies was undertaken in 1925 in cooperation with the Natural-Gas Department 
of the American Gas Association — that of the flow of natural gas through pipe 
lines, which involves the economical handling and transportation of gas from 
the well to points of utilization. In their recent report to the pipe-line— 
flow committee of the association,» the Bureau engineers concluded that 


32 Miller, H. C., Function of Natural Gas in the Production of Oil: A report 
by the U. S. Bureau of Mines and the American Petroleum Institute. 
Printed by the American Petroleum Institute, 250 Park Avenue, New York, 
N. Y.,; 1929, 267 pp. . 

33 A. brief resume of this work was given before the Southwestern Short Meter 
Course at Norman, Okla,, April 24-26, 1928. (Mimeographed under title: 
Rawlins, E. L., The Flow of Air and Natural Gas Through Small Orifices 


Under High Differential Pressure. 15 pp., 5 figs.) 

54 Rawlins, E. L., and Wosk, L. oe Leakage From High-Pressure Natural-Gas 
Transmission Lines: Bull, 265, Bureau of Mines, 1928, 108 pp. 

oo The data and findings are pe ublished in Rept. of Investigations 5153, Factor: 
Influencing the Flow of Natural Gas Through High-Pressure Transmission 
Lines, by W. B. Berwald and T. W. Johnson, Bureau of Mines, 1931. 
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Weymouth's pipe-line-flow formla, when applied to pipe lines free from con- 
densates and operating under steady flow conditions favorable to accurate 
measurements, will give a volume within a few percent of the measured delivery. 
From these findings, based upon tests on 29 commercial pipe lines and supple- 
mental tests, it appears that a sufficiently accurate yet relatively simple 
criterion for the design, construction, and operation of natural-gas pipe lines 
has been established. The most pertinent conclusions made from this study are 
being incorporated into the code book of the Natural-Gas Department of the 
American Gas Association. 


For greater accuracy, some investigators hold that the relationships be- 
tween the coefficient of friction and: the variables of the Reynolds! criterion 
should be applied in the design. However, for practical purposes in designing 
pipe lines for transmission of natural gas, the Bureau has found that - 


* * * the value of applying many small corrections to pipe- 
line flow formas, such as small differences in elevation between 
the inlet and outlet of the line, reduced diameter, fittings, the 
effect of bends, right-angle turns, metering stations, drips, type 

.. Of joints, and the length of pipe between joints is often greatly 
diminished because of conditions affecting individual lines such 
as unsteady rates of flow, storage or drainage of gas taking place, 
_ the presence of condensates, rust, scale, and other foreign materials 
in the line, and the relative roughness of the interior walls of 
different lines. The effect of these conditions is often many times 
greater than the sum of all the measurable corrections. 


A bulletin, augmenting Report of Investigations 3153, and giving the de- 
tails of this study, ig in preparation. | 


Deviation of Natural Gas from Boyle's Law and 
Viscosity of Natural Gas 


Because of relationships involving the density and absolute viscosity of 
the gas, supplemental studies of these factors were necessary to correlate in- 
telligently the data on the main problem of flow of gas through pipe lines. 
The results of these studies have been printed as Technical Paper 539, and 
@ companion paper by the same authors entitled "Viscosity of Natural Gas," 
Technical Paper 555, is in press. 


The casual reader may wonder why engineers on practical research spend 
much time on what seemingly are problems of pure research and therefore should 
be dealt with in a highly specialized manner, The answer is that the essential 
facts which frequently are needed in the practical problem do not exist, so 
that in order to work out practical solutions, the engineer must make funda- 
mental determinations that cannot be found in any handbook or other scientific 
writing. 


36 Johnson, T. i. and Bervald, W. a Deviation of Natural Ges from Boyle's 
Law: Tech. Paper 539,°U. S. Bureau of Mines, December 1932, 29 pp. 
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The principle of ceviation of a gas from Boyle's law is fairly well 
understood and earlier writings rave discussed the subject. However, Bureau 
engineers found that a procedure of experimertal testing or actval measure- 
ment of the deviation under different concitions of pressure and temmerature 
wes essential, becanse (1) the deviation is a Ninction of the chemical compo- 
siticn of the gas: (2) gaces containing higher hylrocarbons deviate more tnan 
those heving & larger ontkaitd:tmethine; and (3) the chemical composition of a 
natural gas may charge with a c.irnze in pressure or temperature due to liqua- 
faction of some of ths constituests., A large number of natural gases of 
different chemical composition vere included in the study, making it possible 
to obtain a fair approxi:z:tion of the compres:ibility of any natural gas by 
compering its chemical.coposition with +08 Meare reported in Technical Paper 
539. 7 


This work not only uas direct application to natural-gas pipe-lLine-flow 
problems, but the deviation of natural gas from Boyle's law enters into the 
calculation of the actval volume of the void space in a sand body and the re- 
maining pressures in the reservoir, It is recognized tuat the factors of 
water encroachment and possible errors in pressure and production records may 
introduce some uncertainties in calculation, but the deviation of natural gas 
from Boyle's law is likely to have a considerable effect on the estimates of 
future gas reserves, Lecause when the deviation of the gas from Boyle's law 
is nezlected, tle amomt of calculated reserve is higher than the actual amount 
of gas rem&ining in the structure, Since tue publication of Technical Paper 
529, the Bureau has had many inguiries from the industry regarding the appli- 
cation of tne findings to special oil and gas field conditions. 


Until recently, little consideratjon had been given to the subject of ~~" 
viscosity in solving natural-gas problems. Present-day industrial problems 
of the petroleum and natural-gas industries are dependent for their solution 
more and more on the application of the laws. of fluid movement, and the report 
on viscosity, which is written in ag nontechnical language as possibile. should 
find wide practical use, equally as wide as has been found for the data 
developed in the study of deviation of ae gas from Boxle's law, 


Methods for Gagi Be an and éentssiiine Natural-Gas Wells 


One of the most eutetanaiue results of the cooperative work done by the 
Bureau of Mines and the Natural-Gas Department of the American Gas Association 
pertains to methods of gaging gas-vell. capacities. This metnod is comnonly 
referred to as the "back-pressure method." Prior to the active cooperative 
work on this probhem tests were made in tie Chickasha gas field in 1927 by 
Bureau engineers, Cat the reqiest of the Oklahoma Corporation Commission, 
which resulted in the establishment of certain relationships making it 
possible to evaluate the flow of gas from @ well through a certain size of 


37 Brandenthaler, R. R., Rawlins, E. L.,; and Johnson, 7. W., Standardizing 
‘the Open Flow From Naturel-Gas Wells: Rept. of Investigations 2880, 
- Bureau of Mines, 1928, 6 pp. (out of print). 
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Pipe to the equivalent flow through larger sizes, thus reducing the amount of 
gas blow to the air in an open-flow test. It was realized, however, that im 
provenent in technique and greatsr savings in gas then wasted in the tests 
were possible, 


In 1929 two reports’° were publisned outlining the fundamental relation- 
snips involved in the flow of gas throvgh gas sands, and between gas flow and 
well capacities. 


As explained in these reports, the basic thought of the fundamental rela- 
tion between the three fectors (1) rock or formation pressure in the sand, (2) 
back pressure at the sand face of the well, and (3) the rate of flow from the 
well, is that the sand of any particular gas well can be calibrated for its 
capacity to deliver gas from any formation pressure into any back pressure. 
In other words, there is a straight-line relationship between rate of flow and 
the difference of the squares of the formation and back pressures for delivery 
of gas from a formation pressure into a series of different back pressures 
when the data are plotted on logarithmic paper. 


A total of 959 tests has been made on £77 gas wells in Louisiana, Ohio, 
Oklahoma, tiie Texas Pannandle, South Texas, and the Rocky Mountain area, In 
88 percent of the tests it vas possible, for all practical purposes, to draw 
the relationship as a straight line; in 8 percent, curvature was represented 
by the relationship; while in 4 percent of the tests, the relationship of the 
respective plotted points of the test series was irregular. 


In some of the recent tests in Toxas, it was determined conclusively by 
this method that cavings behind the casing were interfering with the flowing 
conditions of the wells. Other applications of the method point to the fore- 
casting of drilling requirements, the design of gathering systems, determina- 
tion of operating pressures, estimation of costs of precuctien. and Judging 
the advisability of storing gas in sands. 


Discussion of many ¢ the tests and their sicnteicancs might be given, 
but only one typical example is cited to show how the use of the back-pressure 


method is saving gas in contrast to the open-flow gaging method where the gas 
is blown to the air, 


In the Texas Panhandle area the equivalent open~flow capacity of 221 
wells, which were tested by the back-pressure method, was determined to be 
approximately 6,485,000,000 cubic feet in 24 hours. It would have required 
an average of at least 30 minutes, and probably 1 hour or more to have obtained 
settled flow on these wells, ven with the minimum of a 30-minute flow period, 


38 Pierce, H. R., and Rawlins, B. L., Study of a Fundamental Basis for Con- 
trolling and Gaging Natural-Ges Wells. Parts I and II: Rept. of 
Investigations 2929 and 2930, Bureau of Mines, 1929, 
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en opsn-flow gage of these 221 relle rould have wasted 114,000,C00 cubic feet 
to tne air. These figures do nut include wuiderground waste that would have 
been caused by the wide-nven blowing of the rells. The hazards of water coning 
in the reservoir and cetcimontal erfsctsa on tre mechanical condition of the 
wells becauso of open-flow tests are well imown. 

At first the method cid not avnecr to uany technicians as being feasible, 
but taere has been a change in visc\point, and since 1929, menv of the tests: on 
public lands, lands of thre Osazte Jiation, and other Indian lends have been in 
conformance with this bea Ai an open messing keld some years ago in 
Cklahore, it was agresd “y> the “:.coretion Cca.cuission that the back-pressure 
method might be used in o11 fie.:s of the Stats as an alternate method until 
further notice. In Texas and Lcwisiana, the method has been lcoked upon with 
favor, In Montana no oficial action has been taken, but State conservation 
officers are scnowirg irtcrest. acently the State of Mickigan, desirous of 
having preper s#.actvents which would kelp conserve its recently found gas 
resources, requested ithe essistence of the Burcau in order thet when legisla- 
tion was enacted the btacl-presstre methoc of testing well flows might be ade~ 
quately provided for. -Still more recently the State of Miseissippi, faced 
with natural-gas conservation problems in the Jackson ges field, has called 
on the Bureau for essistence. Yansas also hes agked for aic., 


Judging from the foregoing results and the interest shown by the various 
States, the Bureau of Mines feels that the back-pressure method of determining 
the potential capacities of gas wells has proved its technical possibilities 
and its economic value, 


_ Ohl Recovery 


Methods of production that leave large quantities of | oil under- 
ground are economically unsound and incompatible with true conservation. On 
this premise the oil-recovery section at the Bartlesville station was organized 
end its.laboratory puilt and equipped in 1926, in order to cetermine, through 
experimental research, methods of increasing ultimate prodaction in partly de- 
pleted fields and of prolonging the natural flowing life of wells. Since no 
research project requiring the development of a philosophy is. ever undertaken 
by the Bureau of Mines until a careful canvass of its need has been made, 
several.years. of planning preceded the establishment of tie gar tere vare 
laboratory as the nucleus of a def finite project. 


There are three active problems under stady. in the section: 
(1) the flow of o41 through sands. - | 
(2) Mcthods of increasing the recovery. of oil. 
(%) The effect on crude petroleum of air used _ 
in repressuring oil Tielde. 
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Actually, problem 1 deals with fluid-flow through porous media and has a 

definite relationship to the work of the natural-gas section on methods of 
gaging and controlling natural-gas wells. This work also has special bear- 
ing on problem 2 dealing with increased-recovery methods of oil production. 


Fluid-Flow Through Porous Media 


The first series of experiments on problem 1 was conducted in order to 
obtain knowledge of the relationships of such factors as size and character 
of grain, permeability and porosity, and their effect on fluid flow, To this 
end, the natural-gas section and the oil-recovery section jointly performed a 
series of more than 60 experiments at the Bartlesville laboratory and at a 
special "hook-up" at a high-pressure gas well in the Texas Panhandle, made 
available for the experimental work by @ gas company whose officials under- 
stood the objectives of and saw much promise in the results of the research, 


In the initial tests, air and natural gas were flowed through various 
porous materials under different pressure and temperature conditions and at 
different rates of flow ranging from 0.2 to 700 cubic feet per minute and 
at pressures up to 435 pounds per square inch, absolute. % 


In many respects the flow relationships involving the square of the up- 
stream and downstream pressures were similar to those previously determined 
for the flow of gases through pipe lines. It was found, however, that there 
Was a gradual transition from viscous to turbulent flow in contrast with the 
more or less abrupt change which takes place in straight pipes. It appears 
that the flow of gases through porous media eonzorns closely to the flow of 
gases in coiled tubes, 


The results of the tests made it possible to determine an exponential 
equation that provided a helpful means of studying the effect on the flow 
conditions of such factors as grain diameter, shape of grain, and porosity. 
In addition, considerable progress was made in developing a method by which 
the relative capacities of sands to permit fluid flow through them could be 
compared accurately. 


Different investigators had used different methods for expressing this 
sand quality, although each used the term "permeability." This led to some 
confusion regarding the meaning of permeability. The results of the Bureau 
investigation showed that a wide range of permeability factors might be ob- 
tained for a single sand, depending upon the rate of flow of the fluid through 
the sand. The reason for this is the change in flow conditions with changes 
in fluid velocities. It was evident that if the flow conditions in the 
various sands could be reduced to a common basis for comparison, the rela- 
tive capacities of the sands to allow fluids to flow through them would have 


39 The flow tubes were designed for a maximum working pressure of 1,500 

- _ pounds per square inch, with the view of making tests at this, higher 
pressure on some special well. To date, the higher pressure work has 
not been performed, | 
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some significance. This tasis of comparison was found in the determination 
of tho "mean effectiva pore disueter" which could readily be mede from the 
experimental data, A valve for moan effective pore diameter is based upon 
the flow capacity of “he saud urder the conditions of viscous flow, 


The determination of a mean effective pore diameter for each of the 
porous materials used in the tests shows a promisinz relationship between fric- 
tion factor and ele Criters con Venous Waicn tne eens flow formulas 


A description of the emipcnt and @ more cauplete discussion of the re— 
sults of tho tests are given in a vaper by Chalmers, Taliaferro, and Rawlins 
in Transactions of the Anerican Institute of Mining Mngineers, Petroleum 
Development and Technolo,y, 1952, under the title "low of Air and Gas Throuh 
Porous Media," 


The findings and especially the interpretations of the permeability 
factor or "mean effective pore diameter" of a porous medium, in conjunction 
with back-pressure data, have applicetion to woll conditions in gaging the 
ability of a gas well to produce gas under different pressures, in calculating 
628 reserves, and in solving other practical ges—procuction problems. 


All of the data thus far obtained have-an important bearing on the problem 
of oil- and gan-well spacing. The problem of well spacing as a research pro- 
ject is not new, but as yet it is generally agreed thet no definite criteria 
have been established from which proper spacing patter.sfor various field con- 
ditions can be developed. This is an active problem before the industry, as 
indicated by studies that are being made by a special committee on well spac-— 
ing of the American Petroleum Institute aud by other organizations. 


ingineers of the Bureau have been deeply interested in this problem and 
have regretted. the fect tuct because of reauced appropriations, experinental 
work pertairing to tke vell-spacing program, as a part of the stucy of flow 
through porcus: media and otker recovery problems, could not be extended this 
year to include work in a steel reservoir developed by Mills and his co-workers 
for studies of radial “low aad described in Technical Publication No. 144 of 
the dmerican Institute of Mining and Metallurgical Engineers, 1928. 


However, the work on linear flow is continuing, and when the results on 
€as and air are satisfactorily analyzed, studies of the flow of oils through 
Bends will be made before wndertaking tke more complex system involving oil 


40 heal, Carl H., and Lewis, J. 0., Some Frinciples Governing tke Production 
of 041 -Wells: Bull. 194, Bureau of Mines, 1921, pp. 18-21, 25-H. | 
‘Brewster, BF. M., A Discussion of the Factors Affecting Well Spacing: Trans. 
an.'Inst. Min. Eng., Petrol. Dev. and Tech. 1925, pp. 37~46. 
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with dissolved gas and oil-gas mixtures. To further the practical application 
of the work, cores of natural, consolidated sands are being checked against 
the unconsolidated sands of the previous experiments. 


Methods of Incressing the Recovery of 041 


At a time like the present when the possible rate of production from wells 
already drilled is in excess of what the market will absorb, the industry is 
especially interested in methcds of curtailing production and bringing about 
orderly development. However, those who plan for the future realize that the 
fields now having "flush production" will have to be operated in a different 
menner in later periods of the life of tne fields in order to recover the most 
Oil and help pay out tie development investwents. The Bureau feels that sight 
should not be lost of tke fact that even with the epplication of the best 
kmowledge regarding natural flow in accordance vith what is known of the func- 
tion of gas in the production of oi1,* nevertheless an appreciable quantity of 
the original oil will remain unrecovered in the sand except for the application 
of stimlative metnods. The Bureau of Mines also has held that no matter how 
great the undiscovered reserves may be, they are subject to exhaustion, and a 
forward-looking view requires that knowlecge be available when needed that 
will permit the wianing of as much oil from the sands as may be possible. The 
laboratory investigations being made will give knowledge of the fundamental 
principles and relationships involved in various methods of increasing the 
recovery of oil from partly cepleted fields. 

Several publications*@ have described the equipment and methods used in 
the oil-recovery laboratory at Bartlesville. Recent work shows that when sand 
is highly saturated with oil, a wide variation in the rates of natural gas and 
air injection have only minor effect upon the efficiency of 011 recovery by 
means of the "gas drive." However, for sands of low saturation the efficiency 
of operation, based upon energy-oil ratios, was greatly reduced with increased 
gas velocities. 


41 Miller, H. C., Function of Natural.Gas in tke Production of Oil: A report 
by the Bureau of Mines end the American Petroleum Institute, printed by 
the American Petroleum Institute, 250 Park Ave., New York, 1929, 267 pp. 

42 Mills, R. Van a., Chalmers, Jos., and Desmond, J. S., Oil Recovery Investi- 
gations of the Petroleum Experiment Station of the United States Bureau 
of Mines: Tech. Pub. No. 144, am. Inst. Min. and Met. Ing., 1928, 36 pp. 

Mills, R. Van A., and Heithecker, R. E., Volumetric and A,P.I. Gravity 
Changes Due to the Solution of Gas in Crude Oil: Rent. of Investigations 
2893, Bureau of Mines, 1928, 15 pp. | 

Chalmers, Josepk, Recent Studies on the Recovery of Oil From Sands: Trans. 
Am. Inst. Min. and Met. Eng., Petrol. Dev. and Tech. 1930, pp. 322-328. 

Chalmers, Joseph, Nelson, I. H., and Taliaferro, D. B., The Recovery of Oil 
from Sands by the "Gas Drive": Rept. of Investigations 3035, Bureau of 
Mines, 1930, 12 pp. 
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The earlier reported work of the Bureau on tne "gas drive" showed that 
under the conditions of test, without back pressure, air had @ ¢reater pro— 
pulsive effect than gas. Later comparative tests, where back pressures were 
held on the experimental flow tubes, showed that gas had a distinct advantage 
over air, Although the energy input was greater for gas than for air, the 
energy-oil ratio was less, because of the greater production of oil obtained 
by the use of gas, 


It appears that in these flow-tube experiments the reduction of surface 
tension and decreased viscosity of the oil caused by the gas going into solu- 
tion under back-pressure conditions tended to increase oil recovery, regard- 
less of the fact that air was found to be more efficient than gas as a pro- 
pulsive medium. As stated in Report of Investigations 3035 (see footnote 42), 
"The ideal gas for gas injection is therefore one that will dissolve freely 
in the oil] at the injection pressure and will be liberated from solution by 
the time it reaches the producing well. Since there is seldom a choice of 
gas for injection purposes the same conditions may be approached by control 
of operating pressures." 


Cognizant of the fact that laboratory results must have a direct "tie-in" 
with field operations, the Bureau has made studies of the flow of injected air 
and gas through oil strata, This work pertains equally to methods of increas- 
ing the recovery of oil by atimulative methods and to the recovery of oil by 
controlled natural flow, 


Some time ago a study was made of the results of air repressuring in the 
Williams Pool, Texas, wherein it was shown that "high-pressuring" of the sands 
was detrimental because of by-passing and that increased recoveries could be 
obtained through the careful selection of input wells and the regu}ation of 
pressure. Results of this study are given in Technical Paper 470.—= 


More recently a study of the migration of injected gas through oil and 
gas sands of California has been made. Results of tais field study showed 
‘that; (1) Injected gas migrates to regions where a lower pressure exists re- 
gardless of the structural location of such spaces with respect to the point 
of ingress of gas; (2) after the pressure within the interconmunicating pore 
’ spaces and low-pressure regions in the reservoir sands about injection wells 
have been equalized, the gas mass moves up the structure: and (3) bouyancy of 
injected gas alone is too small a force to move the gas mass or "bubble" any 
considerable distance up the structure, and the principle motivating force 
' behind the up-structure migration of the "ges bubble" is the pressure of en- 
croaching edge movers 


43 Hill, H. B., Reculte of Air-Repressuring and Engineering Study of 
Williams Pool, Putnam-Moran District, Cellahan County, Tex.: Tech. 
Paper 470, Bureau of Mines, 1930, 69 pp, 
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Gas injected into steeply dippirg reservoir sands in California “does ‘not 
spread out fanwise from injection wells as many engineara, and operators had 
previously supposed, and large bodies of oil-satirated ‘sand vétwean, In F 6cbEl ti 
end producing wells ere often by-passed by the injected eae.” | “Bs ‘in’ ‘the: ‘ddis&? 
of the Williams Pool study, it was Sound that hich injection Tates “ai th’ fend 
uniform spreading cf injected gas mike it cifficvlt to control. ‘the “di Peetion” 
of migration of the gas. The study vroved further that the’ best resuite anc 
increasing oll-recovery efficiencies are obtained by maintaining back-preseure 
on tne producing rells to rrevent g2s from brea'cing through, and by limiting 
volume of gas injcucted throug; individual wells to a small amount per cay so 
as to mild up the reseivoir pressure ,radually, aaah of the ceteiled find- 
ings are given in Report of Investigations 3177. 4 a 

Effect of Crude Petroleum of Air used oo oe, 
in Repressuring O11 Fislds © = ~~" 


Several yeers ago when the use of methods of stimlating™ oit production 
were at a rather high peek, many questions were asked as to whether or not air 
in repressuring vorx would change the chemical compositioa and physical char- 
acteristics of crude oil. Gther questions of a similar nature were: Are all 
types of crude oils oxidized by the use of air? Will the use of air seriously 
affect the viscosity and surface tension of the crude oil so that it will be 
more difficult to remove from the sand? Will tue use of air change the --’: 
character of the oil sufficiently to decrease its conmercial value? Can the 
oxidation of crude oil be prevented b;- the use of inhibitors? nes 


Relatively long-time experiments with oils of different ‘chemical char- 
acteristics have been in progress in a specially constructed temperature bath 
“at the Bartlesville (Ckla.) station in an effort to answer some of these ques- 
tions. Some or the tests heve been run for a period of 182 days.:-In order to 
determine the plugging effect that mignt result from the formation of pre 
cipitated gums, resins, and asphaltic material, the oxidized oils were flowed 
through tubes packed with definite quantities of finely screened Wil.co:: sand 
of a kmown porosity, In flowing the oxidized oils through the tube a decided 
plugging of the sand takes place, anc the flov o? oil is stopped or ‘greatly 
retarded after only @ small quentity of o11 has pessed through the’ tude, In 
this way it has been determined that a satisfactory recovery of: oil: would .:be 
@lmost impossible if oils in the sand reecned a state of oxidetion Loe ‘the: 
same degree as that obtained in the experiments. : 


The emulsificetion of oils has been studied also in connection with the 
use of air as a repressuring medium. While miny of these tests in tLe labora- 
tory have been accelerated by the use of oxygen, the report of the vork will 
treat the subject in such 1 way taoat the results may be made to approach 


44 Miller, E. C., Migration of Injected Gas Turough Oil and Gas Sands of 
California; Rept. of Investigations 3177, Bureau of Mines, 1952, 29 pp. 
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average field conditions as nearly as possible. With the issuance of a report 
on the effect on crude petroleum of air used in repressuring oil fields, the 
Bureau feels that, for the present at least, it will have satisfactorily 
answered the most urgent questions regarding changes in the chemical and 
physical characteristics of crude oil where air is used as a repressuring 


medium, 
Vertical Flow (Including a Study of Pressures 
| — . and T eratures in Wells : 


The flow of oil, gas, water, or a combination of these fluids takes place 
because of the differential pressures existing within the system. In solving 
problems of fluid flow, the petroleum engineer is concerned with two systems, 
each dependent and exerting & positive effect on the operation of the other, 
One system includes the space within the reservoir; the other is the vertical 
colum from the face of the sand to the surface of the well, 


With this thougnt in mind, engineers have been working on methods of 
determining pressures and temperatures in the reservoir for a number of years 
in order to correlate the fundamental laws of thermodynamics, mechanics and 

physics, and data obtained in laboratory studies with actual problems .en- 
countered in the production of oil from the reservoir and in ate it ta 
the surface. 

In 1928, K. B. Nowels, then supervising engineer of the’ Bureau's Laramie 
(Wyo.) field office, recognizing the need for determining the préssures that 
exist at the bottoms of the wells, began the development of an instrument 
that would obtain these data which were needed in a study of the energy re- 
quirements of vertical flow in wells. It was believed that data on this sub- 
ject would aid operators in selecting proper sizes of tubing and would make 
possible the efficient flowing of 011 wells with theig natural energy and 
delay the time of exhaustion of the natural energy in the reservoir required 
to lift the o11 to the surface. A second phase of the problem pertains to 
determinations of the energy requirements for the most efficient flow of oil, 
gas, and water, or mixtures of. these fluids through reservoir eands, Work 
was inadvertently delayed on this problem through the resignation of Nowels 
from the Bureau to engage in other work, but during the spring and summer of 
1932, a pressure and temperature bomb wae developed by C, EB, Reistle, Jr., at 
the Bartlesville (Qkla.) station, suitable for the work of the Bureau in 
studying the thermodynamic and other relationships of vertical flow. 


After calibrating the bomb with other instruments developed during the 
interim period, that had proved satisfactory, a definite study was begun in 
the East Texas field at the request of operating companies, This work was 
carried on simultaneously and in conjunction with similarly requested studies 
of the solubility of gas in the oil under reservoir conditions, to which 
reference Will be made in the following section of this peper. 
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The Bireau's work on pressures @nd temperatures in wells in east Texas is 
different from the periodic "bottom-hole pressure" surveys whic have been 
made by the companies and by the State conservation officers. ‘these organiza- 
tions have equipment and personnel for waxing the necessary surveys of pressure 
conditions which recently have been recogaized as an important factor if 
rational production-control programs are to.ce established. 


The tests of the Bureau include pressure and temperature measurements at 
various points in the flow strings and at the well neaus of selected wells 
under different re.tes of flow, both with and without the use of bottom-hole 
choles. From these data it is believed tnat fairly accurate predictions can 
be made of minimum bottom-hole pressures that will be required to mintain 
naturel flow. These data also should help in solving the problems that will 
be encountered in the operation of flowing wells in the Imst Texas field due 
to the accumulations of paraffin on the face of the saud and the flow columns, 
A report on "a Study of Subsurface Pressures and Temperatures in Flowing Wells 
in the Hast Texas Field and the application of these Data to Reservoir and 
Vertical-Flow Problems" was given by Reistle. and Hayes before the dmerican 
Petroleum Institute, Talsa, Okla., in May 1933, and a a in Report of 
Teneeeneee ee cell. 


bie of Gas in Oi 


The industry has long recognized the very important phenomena of the 
solubility and effects of natural gas and air-in crude oils, but it has been 
the objective of investigators to know whether or not the same straight-line 
relationships betreen volume of gas and pressure at Which the gas comes out 
of solution in accordance with Henry's law hold true under reservoir condi- 
tions, as has been found in experimental work, where relatively dry gases have 
been put into solution through the ae aia of pressure upon relatively stable 
samples of crude oil. | 


To this end, samples were obtained in the Oklahoma City, Kettleman Hills, 
and Ventura, Calif., oil fields at the casingheads of wells in the pressure 
range of 1,100 to 1,700 pounds per square inch; after the Bureau had determined 
by personal discussion or correspondence with representative engineers in.all 
parts of the country that a large majority of these msn believed the problem 
to be one of the most important research projects eons the petroleum 
and natural—gas industries. as 


This inquiry and subsequent developments indicate thet fhexe is a growing 
opinion among engineers and others that the solution of technical and economic 
problems of the petroleum and natural-gas industries requires the application 
of fundamental laws and relationships. It is now generally recognized that 
none of the relationships of fluid flow in reservoirs and in the vertical 
colums of wells can be thoroughly understocd and applied practically without 
knowledge of pressure and temperature conditions in the wells and the amount 
and character of naturally dissolved gas in the crude oil and of the condi- 
tions which control the liberation of this gas from solution. 


1081 a BS 


Google 


I.C. 6737 


From the initial work on casing-head samples of oil-gas mixtures, it was 
determined that the manner of gas liberation has a definite effect upon the 
shape of the solubility curves which represent the amounts of gas in solution 
in the oil at varios pressures. ‘wo general types of liberation were 
recognized - differential liberation and so-called "flash liberation." When 
gas is liberated from solution differentially, the gases are removed frou con- 
tact with the oil as rapidly as thay are liberated from solution. The 
essential requirement for "flash liberation" is the presence at the lower 
pressure (as at the well head) of all the commonents of gas and oil that are 
present at the higher pressures (as at the well bottom). Tue experiments 
showed that in differantiel liboration, greater quantities of gas are re- 
leased from solution per pound pressure drop at low pressures than at high 
pressures. Such conditious procuce soluvility curves taat are curved, rather 
than the straight lines in accordance with Henry's law, that were obtained by 
the earlier investigators who performed their experiments with comparatively 
dead oil and dry natural gas. In "flash liberation" the gas comes out of 
solution quite differently from differential liberation, and the solubility 
graphs resulting from "flash liberation," under conditions where a consider- 
able amount of free or excess gas is present, apparently approach the 
straight-line relationship in accordance with Henry's law, ‘even though the 
gas in solution contains appreciable mpanveyees of peavacs gases and might 
be classified as "wet" gas, | 


The investigators of the problem think that it 1s probable that differ- 
ential liberation of gas occurs with respect to the major portion of the oil 
in a natural underground reservoir, whereas "flash liberation" occurs in the 
flow string of a well. 


These studies of gas liberation also have a direct bearing upon the 
knowledge of volumetric changes of the oil in the reservoir, It was found 
that the heavier gases which are liberated at pressures below 100 pounds per 
square inch absolute, cause much greater shrinkage in the oil and mich less 
reduction of pressure than equal volumes of the lighter gases. 


After the data obtained from well-head sanples were thoroughly analyzed 
and conclusions draw,“ a "bottom-hole thief," or sampler was constructed 
for the purpose of obtaining samples at the. bottom or at any point in the 
flow string of the well. The instrument was first given @ practical test in 
the Seminole (Okla.) field, where botton-hole samples: at 400 pounds per 
square inch pressure were obtained, and more recently has been giving satis- 
factory service in the East Texas field where. reservoir pressures range 
from 1,400 to 1,500 pounds per square inch. | 


45 Lindsly, Ben E. Solubility and Liberation of Gas from Natural 0il-Gas 
Solutions: Tech. Paper $554, Bureau of Mines (in press). (Preliminary 
report given in Trans, An. Inste. lida and Met. Ing., Petrol. Dev. and 
Tech, 1931, pp. 262-278. ) 
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The present program of field work in east Texas, made possible by the co- 
operation and financial aid of several oil companies, les been completed. | 
Satisfactory solubility curves for both differential anc flash liberation have 
been obtained at 146°F. and at 90°F. According to the analysis of the data, 
naturally dissolved ges in the. East Texes oil does not begin to come out of 
solution and expand until the pressure is reduced to 755 pounds per square inch, 
e@bsolute. Above 755 pounds per square inch absolute, liquid expansion takes 
piace upon a reduction in preseure. Compressibiiity and shrinkage curves for 
the oil at the indicated temporatures also have been plotted from the well data. 


The more detailed results of this study have been given in a papor by 
Lindsly entitled "A Study of 'Bottom-hole' Samples of East Texas Crude Oil," ~ 
before the American Petroleum Institute, in May, 1983, at Tulsa, Okla,, and 
published in Report of Investigations 312, 


Field work in east Texas, on the two related problems of vertical flow -~ 
including pressures and temperatures in oil and gas wells -- and solubility of 
natural gas in crude oils, had to be suspended for lack of funds after June 30, 
1932. Learning that the engineers working on these two probicms were to be 
called back to their headquarters because there Wes no approvriation to permit 
them to stay in the field and complete their study (even though the Eureau 
realized that the results were especially needed at. tnat time in solving 
problems of rational production-control in the East Texas area) several of the 
operating companies, who had closely followed tho work,.took the initiative 
@nd devised a plan. Through the generus. financial cooveration of 14 or more 
producing companies, the Bureeu engineers were enabled to remain in the Fest 
Texas field and finish the tests, 


: This cooperation of the oil companies, not only in supplying funds to 
finish these tests, but in making wells available for study, is an outstand- 
ing example of cooperative efforts by the Bureau of Mines and oil companies 
to solve the industry's problems of rational and economical oil production. 


Recently, the Bureau bezan somewhat similar types of solubility and 
vertical-flow studies in vells of the Oklahoma City field. «as conditions 
will permit, it is noped that other fields may be studied, therety raking 
the experimental data more generally applicable throughout the industry and 
at the same time obtaining specific information on various individual fields 
that will assist the producers in those fields to operete their wells at 
mximam efficiency under the conditions imposed by the economic state of 
the industry. 
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Summary Statement 


This review of some of the major problems pertaining to the production 
of oil and gas, and related natural-gas transportation problems, in which 
the Bureau of Mines is actively ergaged, indicates the significance of co- 
ordinating research in arriving at applied production-engineering methods, | 


Through these coordinated studies in the laboratory and in the field 
the fundemertal relationships of fluid movement have been found beyond a 
reasonable doubt to be common to the solution of such problems as the trans- 
portation of natural gas through pipe lines, gaging and controlling of 
natural-gas wells, flow of oil and gas mixtures from the sand face of the 
wells to tne surface, recovery of oil b; natural-flow methods wherein 
proper patterns of well spacing and control of pressures in the reservoir 
anc in the flowing columns are importaat factors, and recovery of addition- 
al oil by imposed stimulative methods of production after reservoirs have 
been partly depleted. In all of these named practical problems, and others 
which are met in the production of oil and gas and in their transportation, 
knowledge is necessary concerning the relationships of the hydrocarbon 
constituents as affected by pressures and temperatures. In other words, 
knowledge of the amount of gas naturally dissolved in oil under reservoir 
conditions and the liberation of this gas from solution upon dimunition of 
pressure, not only at the surface but in the flowing colum and in the 
_ reservoir as well, is basicly important in reaching reasonable conclusions 
regarding this group of correlated production problems, some general results 
of which have been given. | 
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. (3) ENGINEERING FIELD STUDIES 


In addition to practical research on problems of oil and gas, the Bureau 
of Mines conducts engineering studies of typical and important oil and gas 
fields. These studies are concerned with conditions that influence or control 
the production of oil and gas. Primarily, they are based upon the correlations 
of the subsurface formations that constitute the reservoirs and that naturally 
influence the withdrawal of oil and gas from then. 


Deteiled studies are made of the logs of the wells in order to find out 
important information such as suitable landing depths for casing; well penetra- 
tion into producing zones; the character of the sands and of the oil; water 
conditions throughout the field; the position of so-called "thief sands;" and 
many others which may aid economic recovery or hinder operators from obtaining 
maximum recovery with minimum expense. In addition, the history of a field 
under study is kept as accurately as well-completion and production records 
will permit, and methods and equipment at the surface are studied in their 
relation to puveuasece conditions, | : 


These engineering reports on typical fields may be dated from a report 
issued in September 1919 on the Comanche ((Okla.) oil and gas field,#6 although 
some reports on the Rocky Mountain area were made prior to that time, 47 Since 
then some 35 reports have been published on fields in Oklahoma, Texas, Louisiana, 
Arkansas, and the Rocky Mountain region. 


Although several field studies are in progress, the Bureau's major 
activities in this work are now centered in the Oklahoma City pool. This work 
was started actively in June 1930 after the Bureau made a careful review of 
the situation to determine the need for such @ study. 


A report on "The Use of Boiler Feed-Water Heaters with Steam-Powered 
Rotary Drilling Equipment," by C. E. Reistle, Jr., was published in July 1930 
as Report of Investigations 2022, and a paper giving analyses of oils produced 
in the Oklahoma City field has been issued, 8 ‘A technical paper describing 
mechanical processes and equipment which were brought out by the industry dur- 
ing the development of the high-pressure sands of the Oklahoma City field is 
in course of publication. 


46 Swigart, T. E., Underground Problems in the Comanche Oil and Gas Field, 
Stephens County, Okla.: Bureau of Mines engineering report in coopera- 
tion with the State of Oklahoma, Sept. 1919, 42 pp. 

47 Tough, F. B., and others, Report of Operations From May 16, 1919 to May 16, 
1921; Rocky Mountain Petroleum Association, in cooperation with the 
U. S. Bureau of Mines, 93 pp. (out of print). 

48 Garton, E. L., Analyses of Crude Oils from the Oklahoma City Field, 
Oklahoma: Rept. of Investigations 3180, Bureau of Mines, 1932, 29 pp. 


1081 ae ae 


Google 


I.C. 6737 


The issuance of the detailed report on the Oclahoma City field, as it 
pertains to underground corditions end oil oroduction, hes been postponed 
because of the definite recuest of the Oclahcma City Chamber or Commerce to 
prefer @ supplemental st.cy of the possible gas reserves in the Qklanoma 
City field. The gas-reserve renort ssen3d to be more urgently reeded than 
the detailed oil report, end accordingly petroleum and natural-gas engineers 
of tke Dallas office and Zartlesville station, since May 1932 have been con- 
centrating their efforts on this engineering study, which has many economic 
factors. 


A summary report was submitted to the Chamber of Conmerce in February 
1933, and the detniled "KH timatos of the Gas Reserves of the Oklahoma City Oil 
Fields," comrising 100 rznuscript pages, 13 tables, and 15 maps and cross 
sections, will be available for general distribution and study as soon as it 
can be printed. | 


Peg models showing the underground conditions of fields have been a 
working tool of the Bureau engineers for many years. In the study of the 
Oklahoma City field, a navy type of model showing reservoir conditions from 
the top of the Oswego limestone to the oil-water contact, nas teen built, 
This model is not only unique in design but has been teneficial in giving a 
visual picture in three dimensions of the contacts of the various fermations, 
the water conditions in the field, and other underground conditions. It is 
called tne "egg crate" mocel. Sections through the field have been made along 
east-west and north-south lines’ of wells. Tre correlations have been worked 
out, and the sections showing the logs of the welle have been pasted on one 
or both sides of stiff cardboard slotted at the proper intervals. When theee 
various sections are fitted together in a manner similar to the construction 
of an egg crate, a graphic picture of the oil-producing formations is given. 
Any of the east-west sections can be removed for detailed study without dis- 
turbing the rest of the model. The model of tne whole field is approximately 
14 feet long and 9 feet wide, and = a vertical scale of 100 feet to the 
inch, 


This model has proved to be very helpful in visualizing and understand- 
ing the underground conditions of the fivld. 


Prior to the special work on gas reserves of the Oklahoma City field, a 
preliminary draft of a manuscript dealing with reservoir and subsurface con- 
ditions of the Oklahoma City field hac been written. Since many of the data 
were confidential at the time they were furnisiied by the companies, their 
release from the companies must be obtained, and other data must be added to 
bring the report up to date, before the writing can be prepered in final form 
for publication. Upon several occasions, Tureau of Mines engineers, upon 
invitation, have attended mcoetings of engineering. committees and have dis- 
cussed informally with State officials and company engineers technical 
problems which are of vital concern in the Cklehom Cit; field. 
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Among the recently hi gen field studies is a report on crater wells in 
the Richland gas field, La At the instaice of the Departwent of Conserva~ 
tion, State of Louisiana, Bae tnaene of the Bureau studied the histories of 
..tnese seething pits of md and water through which vast quantities of natural 
gas were lost for all time. Cne of th3 crater wells burned for many months. 
The report gives data on tue ceuse and repair of crater wells and suggests 
methods of repair ana the importance ox preventive measures. 


At the completion of a study of the dotton Valley field,” often referred 
to as an example of a typical ideal textbook structure, a study ras begun of 
the structural ferntures and conditions controlling the accumlation of oll 
in the chalk and limestone reservoirs of the Zwolle (La.) field, 


The Zwolle area is unique in many respects. | Tie limits of the field have 
not. been defined, but the area under development to date is a strip approxi- 
‘mately <2 miles long, with an estimated average width of 32 miles. The field 

now has a maxinum width of about 4 wiles. The percentage of dry holes is ex- 

ceedingly. high (approximately 60 percent), and many of the commorcial wells 

-heve been drilled as offsets in the vicinity of the dry holes. In the Zwolle 

area, acid has been introduced in many wells in an effort to increase the pro- 

duction of oil from the chalk or limestone formations. As in fields of 

Michigan, this "acid treatnent" is revorted as being beneficial in stimleting 

the flow of oil from the »roducing formetions to some of the wells, 


With the opening of fields in the great Permian Basin of tne West Texas 
area, attention wes drarm particularly to the Roberts-Settles field in Howard 
and Glasscock Counties. In December 1928, at the request of the Railroad 
Commission of Texas end the operators, the Bureau gave engineering advice and 
assistance in a subsurface study of thet field, typical of the "lime produc- 
tion" of west Texas. When the wrk vas initiated, it was proposed to prepare 
@ brief report, within a short period, on the water conditions in the 3,000- 
foot producing zore. Bureau engineers worked with the operators! engineering 
committee in studying the water problem and in formulating plans to control 
premature edge water encroachment, A short report, summarizing the results 
of the invostigation and recommending some remedial metceures, was submitted 
to the Railroad Commission in March 1979, 


Since the work ras begun, otler issues affecting the development of this 
field have arisen. The productive ere: was extended; new producing horizons 
have been found: and the entire field as been put under proration. Through- 
out this transitional period, the collection of additional data on this and 
other west Texas fields has contiruec. 


. 49.-Hi1l1, H. BL, Crater Wells, Richntand Gas Field, La., Tech. Paper 555, 
Bureau of Mines, 1922, 37 pp. 2S figs. 

SO Ross, J. S., Engineering Report of the Cotton. Valley Field, Webster 
Parish, La.: Tech, Paper 504, Bureau of Mines, 1931, 69 pp. 
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In its effort to complete as many pending problems as possible, the 
Bureau has assigned one of its engineers to the specific duty of preparing 
a report for publication which will discuss the Roberts-Settles district as 
a type field and present outstanding data on the other Permian Basin fields. 
In the report emphasis is being laid on reservoir conditions, water history, 
development methods, operating practices, and recovery values, and their 
economic aspects as applied to limestone reservoirs, 


The engineering field reports of the Bureau of Mines not only have a 
present value, but in the long-time view, they serve as indisputable records, 
helping in the necessary later repair of wells and in the recovery of oil 
left in the sand during earlier stages of production, The Bureau's report 
on the Powell (Tex.) field may be cited as typical of the lasting benefits 
derived from such studies. ‘Actual work of ‘collecting data and records in 
this field began in January 1924. Throughout the active producing life of 
the field, Bureau engineers have been in touch with field operations and 
have followed in detail the application of remedial measures and the results. 
of the generelly adopted "plugging back" program in the field, recommended 
by the Bureau to control water encroachment and to avert the early menace 
of aot tm wells. In recent months, the published report of the Powell 
field“ has been in as great demand as at the time it was issued. 


51 Hill, H. 3B., and Sutton, Chase §., Production and Development Problems in 
the Powell oil field, Navarro County, Tex.: Bull. 284, Bureau of Mines, 
1928, 123 pp. ee at —— 
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(4) SPECLAL ENGINEERING PROBLEMS 


There is another class of problems, involving certain phases of all the 
engineering sciences, referred to in the earlier reports of activities of the 
Bureau of Mines under the heading "engineering technology." Within the petro- 
leum and naturale-gas division they are now know as "special engineering 
problems," although each problem has its ow research philosophy, They are 
undertaken, studied, suspended, or made continuous in the same manner as the 
refinery, chemistry, and production studies are treated - namely, on the basis 
of whether or not they justify the effort and money to be expended upon then. 
This group includes studies of methods of shutting in oil wells, evaporation 
losses, tank corrosion and internal corrosion of pipe lines, disposal of oil- 
field brines, hard facing metals for oil-—well tools; safety in the petroleum 
industry, and the compilation of a petroleum bibliography. 


Methods of Sitting in 01] Wells 


Present economic conditions may be partly responsible for the Bureau's 
undertaking what was planned as a "short-time" study but which may prove to 
be the subject for a much longer investigation than was contemplated. ‘This 
problem deals with meehoee of temporarily shutting in pumping and en OWERe 
wells. 


The detrimental effects of water and the losses of oil and gas trapped 
in sands due to the flooding of productive horizons is now well understood in 
the industry, and the protection of their correlative rights in a pool has led 
operators to complete their wells so that losses from this source have been 
reduced to a very small portion of whet they were in former years. 


However, production control leading to the need for temporarily shutting 
in wells after they have been on production for some time, has introduced new 
factors into this problem, and the shutting-in of wells becomes more than a 
matter of closing a valve at the casing head or stopping the pump. It is in- 
perative that oil sands exposed in shut-in wells be protected from infiltra- 
tions of water from upper and lover water sands, and that the "thief" sands 
should be sealed to prevent the loss of oil and gas. Very little information 
is available concerning metnods of preparing wells, especially those which 
have penetrated a series of oil and water sands under different pressures and 
which have different characteristics, so that these wells may be shut in for 
@ period of time without underground losses, 


The Bureau is making an active: study of this subject. Filling wells 
with mud fluid, oil, cement, or a combination of two or more of these 
materials has been tried, and the experiments are being carefully watched. 

' Experiments ‘are also being made to devise ways whereby these sealing materials 
may be removed from the wells at-a later date a injury to the pee 
ponecner ares of the wells. 
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Prevention of | vapor cs Losses 


Studies of evaporétion losses of netroleum anc. gasoline were begun in the 
early years of the petroleum division cf the Bureau of Mines. The first work 
pertained to crude-oil si-.dies, and in sequence losses due to evaporation of 
gasoline at refineries were etudied and reports issued thereon. The more 
recent studies pertzin to methocs of reducing evaporation losses at gasoline 
bulk-storage plants, No complete throuzh-put test at_a buli:-storage plant 
has yet been made, but Report of Investigations 3128,— giving the results 
of tests on standing storage, nas helped show the relative magnitude of losses 
that may be expected frou differeut types Of tanks in use et the distributing 
centers, 


Tests have just been completed on two vertical gasoline storage tanks, 
approximately 11 feet in diameter and 18 feet nigh, with a capacity of about 
12,500 gallons each. These tests rere meade at Bartlesville, Okla., and will 
supplement data obtained in previous tests et Eansas City, Mo., reported in 
Report of Investigations 7138. 


The study of evanoration losses epvears to be a continuovs problem re- 
gardiess of tne fact that through the initial studies of this subject by the 
Bureau, the industry vas made aware of tke enormous losses that could be con- 
trolled and reduced by the use of properly constructed tani: equipment and 
@uxiliary devices. Yor several years results of the Bureau's studies of 
evaporation losses have beer published only as mimeographed reports, and the 
Pireau finds itself in a position of no longer having available for distribu» 
tion many of the reports on evaporation which have deen issued. To correct 
this condition, @ tWlletin is in preparation which will incorporate the 
essential findings given in the mimeographed reports and to which will be 
added many data not contained in then. | 


Studies of Internal Corrosion 


The study of tank corrosion is another engineering problem on which 
several reports** have been issued. Particular interest in this subject 
developed at the time tiiet fields producing high-sulphur petroleums and 
hydrogen-sulphide-bearing gases became a factor in the production of crude 
oil in the United States. | 


52 Schmidt, Ludwig, and Wilhelm, C. J., Reduction of Evaporation Losses fron 
Gasoline Bulk Storage Tanks: Rept. of Investigations 3133, Bureau of 
Mines, 1941, 11 pp. 

53 Schmidt, Ludvig, Devine, J. M., and Wilhelm, C. Jd., The Use of Aluminum 

| for Oil Lease Tanks: Part I - Field Tests; Part II ~ Laboratory Tests: 
Rept. of Investigations 3066 ard Sldl, ee of Mines, 1931, 17 and 
16 pp., respectively. 
Devine, J. M., and Wilhelm, C. J., The Effect of Oxygen on Gaseous 
Hydrogen Sulphice Corrosion of Tank Steel: Rept. of Investigations 
4160, Bureau of Mines, 1932, 19 pp. 


1081 ~ 42 . 


Google 


I.0. 6767 


From knowledge ¢ained through studies of gaseovs corrosion as applied to 
tanks, it was a logical move to appl; ti-exo findings to conditions which cause 
internal corrosion of natural-gas trensmission lines. Laboratory tests have 
been made on verious test specimens of materials used in tank and pipe-line 
construction, and tests have beau ude in the field to determine what concen- 
trations of hyarogen sulphide and moistvre produce the deleterious effects, 


In one pipe line, concerning which Bureau engineers were called upon to 
give the berefit of thelr experisnce pertrining to internal corrosion, it 
appeared at first tnat the corro.ioa was occurring at variance with previously 
establisked conclusions. Subsequent investigations, however, revealed that the 
corrosion wes not ordinary gaseoms ccrrosion but was a modified form that has 
been termed "modified gaseous corrosion." 


"Modified gaseors corrosion" differs from ordinary gaseous corrosion 
mainly in that tho geo is not only saturated with vater vapor but the curfac 
of the subjected metal is also covered by a visible amount of liquid water.° 


After mezing some changes in the vrevious liboratory procedure, it wes 
determined thut (1) "modified gaseois corrosion" proceeds as a straight-line 
function of the preseure that exists on the gas; (2) "modified gaseous corro- 
sion' is a more severe form than ordinary gageous corrosion, and less hydrogen 


‘sulphide is required to promote a severe action; (3) "modified gaseous corro- 


sion" can proceed where there is almost no hycrogen sulphide vresent because 
of oxygen, but such corrosion is not great; (4) "modified gaseous corrosion" 
is more nearly the type of corrosion that occurs under field conditions than 
the gasemis corrosion previously studied, 


As a part of its work on hydrogen sulphide, the Bureau made_a survey of 
producing areas in Illinois, New Mexico, and Texes, and @ report’ was issued 


on the hydrogen sulphide content of gas in 165 wells, revvesenting 15 oil 


fields in those States. ‘The percentage of hydrogen sulphide in natural ges 
produced in various fields ranges from a fraction of 1 parcent to as high as 
20.5 percent by volume. Tie extent of fields where hydrogen sulphide is pro- 
duced with gas and the concentrations excountered clearly indicete that the 
problems growing out of hydrogen sulphide are of continuing major importance 
to the petroleum and natural-gas industrics, 


Disposal of Oil-Field Brines 


- In many fields as production declines, and varticularly where the produc- 
tion is due to an advancing front of salt water, the disyosal of brine becomes 
& serious economic problem to tne overetors, the omers of property where land 
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54 Devine, John M., ., Wilhelm, C. Je, aud Schmidt, Ludwig., Corrosion of Gases 
Containing Traces of Hydrogen Sulphide: Tech, Paper 566, Bureau of 
Mines (in preperation). 


‘55 Devine, J. M., and Wilhelm, C. J., Hydrogen Sulvhide Content of the Ges in 


some Producing Fields: Rept. of Investigations 3128, Bureau of Mines, 
1921, 15 pp. 
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and stream pollution become acute, and to the States. Many oil operators 
have recognized their responsibility to take care of these wastes, and large 
nonprofit organizations have been formed in & number of fields in order 
satisfactorily to take care of an inevitable concition. Producing and re~ 
fining companies have spent large sums of money to prevent the nuisances, 
which are in fact economic coeeaee caused by oil-field brines and refinery 
wastes. 


Some years ago, joining in a Nation-wide study of the problem, the 
Bureau prepared several reports°® in reference to contamination of navigable 
waters and performed an acknowledged service in helping to create a national 
consciousness regarding this form of preventable waste. More recently 
particular attention has been given to oil-field brines. At the request of 
operators and the State of Oklahoma, for example, a study was made of oil- 
field water-disposal nethods. These findings were printed in Report of 
Investigations 2945.82 Following this report, disposal methods as practiced 
in the Salt Flat field of Texas were discussed in Report of Investigations 
3059.28 In-this field the highly saline waters are impounded and released to 
the streams for dilution to unharmful concentrations at periods of high flood. 
Another report?9 deals with disposal of oil-field brines in the Hendricks oil 
field. | 


Many proposals and several attempts have been made to return oil-field 
brines to underground reservoirs -— presumably in barren formations or down 
dip from the oil-water contact. Theoretically this practice is logical, but 
Bureau. engineers found that practical ‘considerations should be studied care- 
fully in each area. Some salts will goon clog the pores at the face of the 
sand of intake wells. Prohibitive pum pressures may develop, and the possi- 
bility of contaminating underground sources of potable water or the injury of 
possible oil and gas producing horizons should be studied carefully and expertly 


56 Lane, F. W., Bowie, C. P., and Desmond, J. S., Pollution by Oil of the 
Coast Waters of the United States. Rept. of Investigations 2658, Bureau 
of Mines, 1924 (out of print), 

Report to the Secretary of State by the Interdepartmental Committee, Oil 
Pollution of Navigable Waters (March 13, 1926, 119 pp.) Appendix 3, 
General Report of the Bureau of Mines on pollution by oil of the Coast 
waters of the United States, Jan. 6, 1926, pp. 35-69. Appendix 4, Report 
of the Bureau of Mines on the action of sea water on fuel oil, Oct. 1925, 
po. 70-75. 

Lane, F. W., and others, Typical Methods and Devices for Handling Oil- 
Contaminated Water from Ships and Industrial Plants. Tech. Paper 385, 
Bureau of Mines, 1926, 64 pp. 


57 Schmidt, Ludwig, and Devine, John M., The Disposal of Oil-Field Brines; _ 
Rept. of Investigations 2945, Bureau of Mines, 1929, 15 pp. 

58 Hill, H. B., Bausermn, E. V. H., and Carpenter, C. B., Development and 
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In the opinion of the Bureau of Mines, every salt-water disposal project 
is a self-contained problem covered by certain governing principles, the solu- 
tion of which demands the cooveration of all interested parties. 

Attention has been given also to the recovery of commercially valuable 
salts of iodine, bromine, and of other of the rarer elewents in the hope of 
finding ways of obtaining these salts in sich quantities as to convert a 
present waste into an economic asset. | 


Hard Facing Metale for Qil-Well Tools 


During the past few years ravid development has been made in the drilling 
of deep wells. Where a few yeers ago a well that was 5,000 feet deep was con- 
sidered an outstanding engineering achievement, at the present time depths of 
10,000 feet are being obtained, ‘While this increased drilling depth has been 
due in large measure to improvements in the construction of drilling rigs, rig 
irons, and other equipment, it has also been mde possible by the development 
of hard-facing metals for oil-well tools. The ability to construct bits that 
will stand up for reletively long periods of time, when drilling through hard 
flinty formations, has greatly reduced the time and consequently the cost, of 
drilling operations. Ingineers of tae San Francisco office are now collecting 
data on this subject with particular reference to the types of metals used for 
hard facing, the methods of applying the material, and the reduced costs of 
drilling because of-their use, 


safety Engineering in the Petroleum Industry 


One of the primary reasons for the crganization of the Bureau of Mines was 
to reduce the number and severity of accidents in the mineral industries. In 
the petroleum and natural-gas division, accident~prevention work has been 
carried on actively as an integral part of its other engineering studies. The 
Bureau has long mintained that accident prevention should be dealt with on a 
scientific basis, and although only two engineers of the Bureau are definitely 
assigned to studies of accident prevention in the petroleum industry at any one 
time, the individual work of these two men does not adequately represent the 
Bureau's activities in studying methods to prevent peraonal injury and loss of 
property. The experience of the whole Bureau of Mines stands back of the 
active work and technical writing of these two mgineers,. 


A complete article in itself would be required to outline the activities 
of the Bureau of Mines on petroleum safety. Exclusive of special articles, 
some 80 reports dealing with petroleum safety and health, including fires and 
explosions, have been published by the Bureau and are available to the public. 
Some of these writings date back to 1913, but in 1923 two petroleum engineers 
were assigned to work on sefety problems in order that they might collect and 
analyze statistical data on accidents end with this knowledge, theretofore un- 
available, make engineering studies where the highest frequency and severity 
retes existed. Drilling and production problems were the first to be studied 
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with the view of suggestins remedies for unsafe conditions. Natural- 
gasoline plants have nad aces share of attention, and a report has veen 
published, ©9 


Some recent technic..] worx on safety problems deals with methods of 
reducing the Lazards in the cesign and operation of petroleum cracking 
equipment at refineries, vhere the dangers from feilure are greatly in- 
creased because of tne corrosive effects of sulphur compounds (or erosive 
action) on ecuinment containing petrolewm vapors tnat are subjected to high 
degrees of temvcrature_ and higu-vorking pressure. A revort is in prepara~ 
tion on this suodject. 


When the hydrogen sulphide problem presented itself in west Texas and 
fields of the Permian Basin, the Bureau sent engineers and chemists to those 
arees in order to advise the cil companies ard the men in their working 
places regarding tne toxicity of this gas, with which so few were familiar, 
and. to suggest remedial measures that wovld lessen the number of accidents 
from exposure to this gas, which in its poisonous effects is comparable with 
_ hydrogen cyanide. A report“ wes quickly prepared and followed by its 
-. sequel, 63 and both papers were given wide distribution throughout the 
industry. . | 


Since the hydrogen sulphide studies of 1926 end 1927, a considerable 
amount of progress has been made, and methods have been developed by the 
industry end olrers that had not been recognized or that had not been proved 
at the time 'o7 ‘anorting the earlier work. In order. that there may be a 
_ general retextonce to the subject of lydrogen-sulphide poisoning and methods 
of preventing it in all departments of the petroleum and natural-gas indus- 
tries, the buresu kes in pepe te a technical paper which will bring 
this subject up to date. 


One of the laboratory eeautiee 6 on this work pertains to the 
pyrophoric characvoristics of certain products of corrosion by hydrogen 
sulphide that have been lnown te ignite spontaneously and that present a 
hazard about which very little euthentic information so far has been pub- 
lished. 


60 Shea, G. B., Safety at Natural-gasoline Plants: Tech. Paper 462, Bureau 

r  .  - OF Mines, 1929, 10% pp. 

. 61 Marek, R. L., Safety at Petroleum Cracking Plants: Tech. Paper ool, 
Bureau of Mines (in press). 

62 Yant, W. P., and Fowler, H..C., Hydrogen Sulphide Poisoning in the Texas 
Panhandle, Big Lake,.Tex,, and McCamey, Tex., Oil Fields: Rept. of 
Investigations 2776, Bureau of Mines, 1926 (out of print). 


. 68 Fowler, H. C., Prevéutton:.of. Hydrogen Sulphide Poisoning in Handling and 


Refining High-Sulpuir Petroleums: Rept. of Investigations 2847, 
_ ‘Bureau of Mines, 1987 - ee of _— 
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The Bureau began ziving first-aid instruction to the petroleum industry 
in 1920, At present there is hardly a person employed in ths patroleum and 
natural-gas iadustries who is not familiar with the cave of injured persons 
in case of an emergency. Not all of these men actually have been trained by 
the Bureau of Mines beccusse tie tasizs of actually giving the instruction has 
become too great. The bureau has sometimes deen criticized for not making 
more trainers available, but funds for this work are definitely limited. If 
key men in any organization receive instruction in the anplication of first~ 
@id methods, the company should he in a position to carry on its ow first- 
aid instruction under the supervision of tie Burean of Mines, whose treiners 
hold examinetions for Bureau of Mines first-aid certificates. Tirst-~-aid 
training has been & isrge factor in accident-prevention work. The relation- 
ship of these two subjects is so thoroughly understood that it need not be 
elaborated upon here. | oe 


Petroleum Bibliograpuy 


Toe Bureau has compiled a bibliogrephy of petrolevm and allied substances 
since 1915, «At first tuese bibliographies were pubdlisiied as anuual bulletins 
of the Bureau of Mines. The amount of technical writing on oil and gas sub- 
jects has expanded rapidly, and the task of abstracting the articles became 
too great for one bibliogrepher to handle. accordingly, through the coovera- 
tion cf the Snecial Libraries Associetion and tue endorsement of the American 
Petroleum Institute, this work was pvt on @ cooperative basis as of January 
1929. 


Since that time "Recent Articles on Petroleum and Allied Substances" has 
been published monthly et the San Frencisco petrolew: field office in the 
form of 50 or more mimeographed pezes, Until receutly tne pvibliography has 
been mailed without charge to anyone requesting the service. The list con- 
tained approximately 560 names. Hotvever, in accordance with recent legisla- 
tion, this puvlicetion bas been put on @ subscription basis, and the money 
derived therefrom is placed in the United States Treasury and not applied 
on the cost of printing. It appears that under existing conditions, the 
Bure&u cannot long contimie the publication of txis work, in spite of the 
eplendid assistance given by various tecnnical librerians of oil companies 
and others, 


This bibliography, placing in availavle form the carefully prepared 
abstracts of substantially all articles published in this and foreigr countries 
on petroleum and allied substances, should be continued under some plan, but 
because of lack of funds, the Bureau feels that the cost of maintenance of 
this service must be assumed by the industry, or the work stopned. 
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_ Availability of Bureau of Mines Data on on 


Fetroleun and Natural Gas 


Upon occasion the statement nas been made tuat the Bureau holds back 
too many of its data at times when there is greatest need for them. The 
Bureau has endeavored alvays to make the information on a given subject 
available as soon as that information is properly authenticated within its 
ow organization, provided no other circumstance is @ controlling factor 
-- as, for example, certein confidential requirements. (Information made 
available to the Bureeu of Mines from an outside source and specified 
"confidential" is meticulously treated as such until tie donor of the in- 
formation in question removes the confidential restriction.) 


The Bureau of Mines is necessarily conservative in this matter because 
it realizes that too frequently conclusions are draim without sudstantiating 
proof, and the general practice is followed that it is better to withhold a 
publication until tus facts are established then to issue reports suggesting 
certain possit: litics which, upon further investigation, may uave to be 
modified. Wherever conditions will permit, especially where data are in- 
formative, rather than basic in nature, "short-time" reports are issued, 
interspersed between tne longer reports on major projects. 
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CONCLUSION 


The stvdies of the United States Bureau of Mines on petroleum chemistry 
and refining, production of oil end gas, ripe-line transportation of natural 
gas, engineering field stucies, end special engineering problems, concerning 
Which some general results bave been given in tois paper, by no meens make 
up @ complete list of teciunical reseercl: projects on oil and natural gas. 
Some years ago the Bvreeau was asked to compile a list of petroleum and natural- 
gas problems or wrick irfotmation wes needed by thse industry and on which the 
Bureau, in line with its function as a Feceral research agency, could do vork 
advantageously if funds were available. ‘The nuiber of problems wnich finally 
remainec on the list after careful scrutiny wes 106. No doubt this number 
would be increased if @ similar tabulation were iado today. 


However, it is not the objective of the Burea: of Mines to see how many 
“problems it might study, but rather to put into vseble form the best obtain- 
able information on the principai oil and gas orobiems, which, as a Federal 
agency, it is peculiarly fitted to study ard make reports on for the improve- 
ment of methods of rational conservation nf oil cud Bei: and for the better- 
ment of the social economy of the country. 


The statement has been made that research in the oil and gas industry 
nas been carried so far that the knowledge now available is acting as a de- 
terrent rather tnan a help tovard stabilization of economic conditions. It 
is true that engineering advancement in general las added to the complexity 
of many economic problems, but the statements regarding the detrimental 
effects of research are mide by persons wnuo fail to recognize the fact that 
good engineering is synonomous with sound econo:iic principles. 


Industry, largely through its ovnm efforts, has come to accept the funda- 
mentals of oil and gas conservation and safe operation - suggested, endorsed, 
and worked for by the Bureeu of Mines since its organization. The judiciary 
of the country is coming to consider the conservation of oil and gas and 
rational methods of preventing waste, both paysical and economic, in a differ- 
ent light than it did in the earlior years of the inductry. The public at 
times has been inclined to criticize industry anc verhaps has failed to 
understand the significance of technicsl research. 


The true public interest is broader thaa the smowledge of the present 
retail price of gasoline. The public mst know nore about the fundamental 
concepts of recovery and utilization of oil and gas - not concerning itself 
60 mich with the detailed findings and interpretzitions of specific data - but 
it must appreciate how oil and gos and its orderly development and economic 
distribution to the consumer effect each individual socially and economically. 
The public must know, for example, sometbing of the relationshins of the oil- 
gas—-energy attributes of a reservoir as they effect the correlative rights of 
all perties interested in the land. It must Lave some knowledge, also, of 
why it is necessary for technicians to study the characteristics of motor 
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fuels and lubricants in order tnat more suitatle grades of tiese products 
may be made available to weet the requirements of its automobiles, even 
though the actual technique is obscure to many individuals. It must recognize 
that national physical rastes attending production and manufecture cannot be 

_ changed into national assets in a snort space of time. 


. Oil and gas conservation and 3ts effect upon the social economy are e:- 
tremely complex. The action of no one organization or group of organizations 
can cope with the situation. Prozress results from the combined efforts of 
all forward-looking er ous who are trying honestiy to reach a definite ob- 
jective, 


Well-informed persons who have had an opportunity to study the work of 
the Bureau of Mines have stated that the bureau has selected types of work 
on general problems which the industry itself usually is sot in a position 
to do, either in its own company research organizations, commercial research 
organizations, or in schools anc colleges. Tney have stated also tnat the 
work of the Bureau, although uncer different conditions, is continuing as it 
did in former years to exercise a very definite influence in preventing 
waste and in conserving the natural resources of oil and gas. 


' The Bureau of Mines as a Federal agency uas maintained its fore rank 

position as a research organization, studying oil and gas problems, through 
carefully guarding against premature judgment; its findings are based on 
fact, insofar as pertinent facts can be determined through e:perimentation 
and investigation; its conclusions are given without prejudice of property 
lines or viewpoint engendered by commercial affiliation. After severe 
criticism within the Bureau, most of the manuscripts are sent to nationally 

_ recognized authorities in the oil and gas industries for critical review 
- and suggestion regarding ‘presentation of the facts. Upon final approval and 

. release, the findings on any subject are made equally available to large and 


 gmall companies, individual operators, Seen REPRE Ry Pete Mme ne ene 


the ‘public. 


With these precepts before it, and sunning mediocrity, tne Bureau of 
Mines has been able, in the face of an increasingly complex social economy, 
to continue its proper function of developing tne philosophy of research 
projects of national scope that eeee to oil and gas. | 
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